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"The question is not whether stormwater management system maintenance is necessary in a 
community. Rather, the question is how a community's maintenance programs will be 
budgeted, staffed, and administered, and who has responsibility for managing inspections, 
scheduling periodic required maintenance, and funding remedial work. (Haubner et al. 
2001)" 
"Don't let anyone look down on you because you are young, but set an example for the 
believers in speech, in life, in love, infaith and in purity" 1 Tim 4 VS. 12 
"No company would stay in business long if its management did not know how much product 
was being produced, how much it cost to produce it, or the market price for the product . 
... Why should we treat our natural capital - capital that sustains life on the planet - any 
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Sustainable urban Drainage Systems (SuDS) are increasingly being implemented around the 
world. A common barrier to the wider use of SuDS in South Africa is the uncertainty 
regarding their total cost. The need for reasonable predictions of life cycle cost is vital, both 
in terms of ensuring the viability of the proposed projects as well as to allow for comparison 
with more conventional designs that have historically relied on concrete pipes and culverts to 
transport the stormwater to nearby receiving water bodies as quickly and efficiently as 
possible. 
Life Cycle Cost (LCC) analysis is commonly used to compare the costs of SuDS with 
conventional approaches. Few analyses, however, consider all the costs and benefits 
associated with different approaches. Conducting a LCC comparison without considering the 
more significant costs can lead to incorrect conclusions, as for example the cost of the 
pollution associated with conventional systems being externalized onto the environment and 
not taken into consideration. In conventional systems, highly polluted runoff is often 
discharged into the receiving water bodies at much higher rates and volumes than prior to 
development. The levels of pollution and increased rates of runoff over time lead to its 
degradation. Part of the benefit of utilizing SuDS is the improved water quality, quantity 
management and groundwater recharge that is achieved through a treatment train that ensures 
that the runoff discharged into a receiving water body has mitigated impact on the ecosystem. 
Standard LCC methods seldom take this fully into consideration. This thesis presents a 
simple economic model (SEM), supported by a macro-enabled Excel model, that attempts to 
address this weakness and ensure future analyses will be 'fair'. 
For the SEM to be useful, costs and benefits need to be considered in a manner that can 
easily be applied and utilized by all interested parties, be they developers, individuals or local 
authorities - to this end a SuDS 'Cost Treatment Train', that displays the costs in relation to 
the party responsible for their operation and maintenance, has been proposed. 
The SEM does not attempt to account for every economic cost and benefit, but rather it 
attempts to compare the different designs and design philosophies on an equivalent and fair 
basis. The benefits of SuDS, in terms of quantity and quality, are translated into additional 
costs that are then attributed to the total cost of the conventional system. These costs are 
determined using the Substitute Cost Principle, and are calculated based on a scalable end-of-
pipe treatment facility. The facility considers quality and quantity management criteria as 
well as the need for ground water recharge, rainwater storage and reuse. 
This thesis demonstrates that it is extremely important to consider the costs of 
externalizing stormwater pollution onto the environment while dispelling the 'myth' that it is 
too onerous to consider the value of these ecosystem goods and services, and presents a tool 
that may be utilized for doing so. 
Three examples of the SEM's application have been included which have demonstrated 
the SEM's functionality and its ability to present results which are accessible to a wide range 
of stakeholder who may not have the technical 'know how' or understanding to undertake 
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A site which has previously been developed, or altered through 
development. 
A vegetated area (generally grassed) of sloping land designed to 
convey stormwater and filter out pollutants. 
The unnatural/anthropogenic introduction of organisms or chemicals 
that do not naturally occur in the system. 
Channel Protection Volume, used to describe the storm events where 
the focus is on managing the volume, and rate of flow in minor 
channels. This usually requires the detention of runoff onsite. This 
usually refers to storm events with a RI of less than 2 years 
Concrete Block Paving 
California Bearing Ratio: a test for evaluating the strength of road 
subgrades and basecourses. 
The estimated value of the goods and services, in the form of 
stormwater quality and quantity management, provided by a properly 
designed SuDS system. 
The general and progressive lessening of stream or channel profiles, or 
earth's surface, due to long-term periods of water induced erosion 
and/or scour. 
Properties of a selected storm. These include depth, duration, and 
intensity of the rainfall. 
A pond designed to be dry except immediately following a storm when 
it acts to detain runoff and attenuate the peak flow. 
All the components making up the system used to drain stormwater 
from the source to the receiving water course. This may include SuDS 
and/or conventional components, or a combination of both. 
Department of Water and Environmental Affairs (Government 
department responsible for water affairs post 2009). 
Department of Water Affairs & Forestry (Government department 
responsible for water affairs before 2009). 
The duration which an asset is expected to last, assuming a standard 
level of maintenance and operating procedure. 
A detention pond designed for the detention of storm water for an 


































See buffer strip. 
Is a Fibre Reinforced Concrete pipe 
Goal Seek is part of a suite of commands called 'what-if analysis tools. 
When the desired result of a formula is known but the input value is 
unknown the Goal Seek function may be used. The function works by 
varying the value in a specific cell to solve a function (Microsoft, 
2011 ). 
A roof designed to be vegetated. The vegetation acts to manage 
precipitation through interception, infiltration and detention. There are 
many different forms of green roofs. 
A site which has not been previously developed, and remains in a 
natural state. 
The upper most level of the zone of saturation below the Earth's 
surface, except where this surface is formed by an impermeable body. 
A trench filled with void forming material (generally granular) 
designed to collect, detain and infiltrate runoff. 
Precipitation intercepted by and stored on vegetation, leaf litter etc. 
The time from the centroid of the excess rainfall to the peak of the 
runoff hydro graph. 
Low Impact Development: an approach to development working with 
natural processes to manage and treat stormwater as close to source as 
possible. 
A macro is a series of programmed commands and functions that are 
stored in a Microsoft Visual Basic. The commands and functions may 
be executed to perform a specific task (Microsoft, 2011). 
A general term used to describe a pervious surface designed to allow 
runoff to permeate through and into pavements subgrade. 
The volume of runoff which needs to be managed from a quantity 
control perspective. 
Is the capturing and reuse of runoff. Generally collected from roofs in 
the form of rainwater tanks, but may also be collected in the sub grade 
of permeable pavement or green roof. 
Natural or man-made systems which receive stormwater runoff. 
The average interval between events exceeding level. The recurrence 
interval is usually expressed in years. 
A pond with a permanent pool of water. It has the advantage of limited 






















Whole Life Cost 
WSUD 
XIV 
differentiated from Wetlands by the percentage of vegetative cover. 
Retention ponds generally have less than 50% of the surface covered. 
A annual publication in the USA of unit cost prices for construction 
A subsurface structure designed to detain and infiltrate runoff into the 
ground A soakaway in some countries is considered to be a subsurface 
infiltration trench. 
Sustainable urban Drainage System, a sequence of structural and non-
structural controls which are designed to manage storm water quality 
and quantity while enhancing the environmental and aesthetic aspects 
of a development. 
A single SuDS technology e.g. a swale, being considered in isolation of 
its treatment train. 
A shallow vegetated channel designed to convey runoff. It is generally 
vegetated with grass which acts to filter the runoff. Swales may be 
designed to: aid in infiltration (Enhanced Swales); in detention (Check 
dams); and for biological treatment (Wet Swales). 
Time for precipitation to flow from the most remote point of the 
catchment to the point of analysis. 
A combination of individual unit processes, which together result in 
treatment. Within SuDS this comprises structural and non-structural 
controls. 
The volume of runoff which requires water quality treatment in order to 
reduce/remove pollutants. 
A river, stream, channel, canal. It may be a natural or man-made 
structure in which water flows regularly or intermittently including any 
associated storage and/or stormwater attenuation dams, natural vleis or 
wetland areas. 
A permanent water body. It has the advantage of biological treatment 
not offered by detention ponds, and longer retention times than 
retention ponds. May be differentiated from retention ponds by the 
percentage of vegetative cover. Retention ponds generally have more 
than 50% of the surface covered. 
An estimate of the present day value of all costs of an asset over its 
expected useful life. 
Water Sensitive Urban Design: a planning and design approach which 
considers the whole urban water cycle. It has evolved from being 
predominantly focused on stormwater to consider all aspects of the 
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Sustainable urban Drainage Systems (SuDS) are currently being introduced to South Africa. 
A barrier to the wider use of SuDS in South Africa is the uncertainty regarding the total cost. 
Realistic predictions of life cycle costs is vital, both to ensure the economic sustainability of 
proposed projects as well as to allow for comparison with more conventional designs that rely 
on concrete pipes to convey the stormwater to nearby receiving water bodies as efficiently as 
possible. 
Life Cycle Cost Analysis (LCCA) may be used to compare the costs of SuDS with 
conventional systems. Failure to quantify the environmental costs and benefits associated 
with the two approaches however results in two very different systems being compared using 
a set of criteria advantageously weighted towards conventional designs. Incorrect conclusions 
will be reached if a LCCA is conducted without considering the significant costs that are 
externalized onto the environment by conventional systems. A significant benefit of SuDS is 
the improved water quality, quantity management and the groundwater recharge that is 
achieved through the treatment train that ensures that the impact of runoff discharged into a 
receiving water body has been adequately mitigated. Standard LCCA's seldom take this into 
consideration. A review of available models/tools for undertaking economic analyses showed 
that none were appropriate in their entirety for the South African context. 
The Simple Economic Model (SEM) attempts to compare different stormwater 
management designs on an 'equivalent and fair basis' and was developed to address the 
shortcomings of the LCCA approach. The quantity and the quality benefits of SuDS are 
translated into additional costs that are attributed to the total cost of conventional systems in 
the form of the 'Damage Avoidance Costs (DAC)'. The SEM allows informed decisions 
regarding alternative designs for stormwater management to be made in an 'equivalent and 
fair manner' . 
This document is structured to provide sufficient literature and motivation for the 
acceptance of the SEM. Chapter 2 is a review of relevant literature. It provides the context in 
which the SEM was developed. The literature review considers a number of topics including, 
civil engineering, economics, environmental science and law. Chapter 3 describes the 
method that was followed in this thesis resulting in the development of the SEM. Chapter 4 
presents an overview of the development of the SEM highlighting the fundamental equations 
and procedures, while also motivating any assumptions that have been made. Chapter 5 
demonstrates the application of the SEM to three case studies of different scale with different 
site characteristics. Chapter 6 concludes this document by comparing the goals of the SEM 
with its capabilities. Chapter 7 highlights a number of potential areas that require further 
research. 
A number of important appendices have been included. The appendices include: 
designs of the Mitchells Plain District hospital; the macro-enabled Excel model; a user guide 
for the Excel model; and general user guidelines for the SEM including fact sheets that 
enable the user in South Africa to fully utilise the SEM. 
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2. Literature Review 
2.1 Introduction to literature review 
This study requires an understanding of a number disciplines including civil engineering, 
economics, and environmental science. The literature review is structured in order to provide 
the reader with the requisite knowledge to understand each section by drawing on the 
information from previous sections. 
Section 2.2 discusses the key concepts, and fundamental areas of knowledge required 
to understand the following sections. Section 2.3 discusses the different types of drainage 
infrastructure and how the design approach may impact on the economics of the system. 
Section 2.4 discusses the important concept of environmental goods and services; what 
environmental goods and services are provided or impacted by the different approaches to 
stormwater design; and how these may be evaluated. Section 2.5 considers the different 
approaches that may be used in evaluating the economics of stormwater infrastructure. 
Section 2.6 highlights international studies comparing SuDS and conventional systems, and 
highlights the deficiencies in these studies. Section 2.7 discusses the local economic factors 
that need to be accounted for in any analysis undertaken in South Africa. Section 2.8 
highlights the legislative context with respect to stormwater management in South Africa. 
This important section motivates for better stormwater management. Section 2.9 reviews a 
number of the tools available for evaluating economics of stormwater systems, and identifies 
the advantages and disadvantages of these tools. Section 2.10 concludes the literature review. 
Each section ends with a summary titled "What is required in a South African model?" 
that indicates the key points that should be included or considered in any model for 
considering the economics of urban stormwater drainage in South Africa. 
2.2 Key concepts 
A series of workshops around South Africa in 2011highlighted an apparent reluctance of 
South African engineers and practitioners to consider ecosystem goods and services. Civil 
engineering consultants in South Africa argue that it is too impractical, too expensive and 
economically unviable to treat stormwater. Preliminary research has indicated that this may 
be true were the systems to be retrofitted. In South Africa, a small proportion (10%) of the 
population finances the burden of paying for such infrastructure through direct taxation 
(Futuse, 2007). At a time when South Africans are struggling to pay increased rates for 
electricity, potable water, sanitation and solid waste disposal fees, implementing the changes 
required could result in increases in local government rates in the order of 30% (Fisher-
leffes, 2009). Dealing with stormwater, and water pollution in general, is but one of many 
challenges facing cities across South Africa. Nascimento et aI., 2005 have shown that if 
systems are designed not to externalize the costs onto the environment at large, it will likely 
be significantly more economical. Nascimento et aI., 2005 also indicate the cost of the 
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system, when reduced to cost per capita, was dependent on the density of development. The 
higher the density the lower the cost. 
Developing countries, South Africa being one, are rapidly urbanizing. Human demands 
continue to place greater demands on natural resources, effectively resulting in the 
degradation of our ecosystems (Crane, 2010). Ecosystems supply society with a vast number 
goods and services, and the more degraded a system, resulting from anthropogenic abuse, the 
less these systems can supply. Crane (2010) suggest that in order to "eradicate poverty; 
growing consumption must be decoupled from rising levels of natural resource use. " 
Stormwater affects society in a range of manners. It has social, political, economic and 
environmental implications. Stormwater management therefore requires an interdisciplinary 
approach. This study intends to cover the key aspects that have economic implications for the 
management of storm water systems. Section 2.2 provides an overview of the goals of 
storm water management, as well as the background information essential to understanding 
the philosophy underlying SuDS. It discusses how different factors impact on the economics 
of stormwater management, and how economic comparisons of the system should be 
undertaken. 
2.2.1 Goals of stormwater management 
"Storm water is precipitation that travels along the surface, and to a lesser extent subsurface, 
as runoff(Graham, 2003). " The purpose of stormwater management is to "protect the health, 
welfare and safety of the public, and to protect property from flood (CSIR, 2000)" by 
managing floods. 
The conventional sewer approach and Sustainable Drainage Systems (SuDS) are the 
two commonly implemented approaches to urban stormwater management. SuDS are 
gradually replacing the conventional approach as the standard internationally. Stormwater 
management has evolved from initially managing stormwater from a risk perspective by 
using a ditches, pipes and stormwater pipes. Stormwater management is increasingly 
considering all aspects of sustainability including social, environmental, economic etc. (Debo 
& Reese, 2003). It is important to consider what the goals of the system are and how it 
interacts and affects other systems and sectors. 
The 'Red Book' (CSIR, 2000) states that the goals of stormwater management are: 
• "The need to protect the health, welfare and safety of the public, and to protect 
property from flood hazards by safely routing and discharging stormwater from 
developments; 
• The quest to improve the quality of life of affected communities; 
• The opportunity to conserve water and make it available to the public for beneficial 
uses; the responsibility to preserve the natural environment; 
• The need to strive for a sustainable environment while pursuing economic 
development; and 
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• The desire to provide the optimum methods of controlling runoff in such a way that the 
main beneficiaries pay in accordance with their potential benefits." 
The 'Red Book' (CSIR, 2000) could be accused of being out-dated due to the design 
approach - of using piped networks - it promotes. While this may be true with design, the 
goals listed above are in line with the goals of SuDS and not with conventional systems. 
However the authors seem not to have been aware of the means of achieving these principles. 
2.2.2 SuDS: 'a new paradigm' 
"SuDS attempts to mimic the pre-development situation" (Armitage, 2010) and is based on 
the three principles of managing quantity, quality and amenity (Woods Ballard et al., 2007; 
Jefferies, 2010). The SuDS Triangle (Figure 2-1) identifies appropriate solutions as anything 
within the zone where all three principles are met. This is accomplished by managing runoff 
using the treatment train shown in Figure 2-2. 
Figure 2-1 : SuDS Triangle (Woods-Ballard et al., 2007) 
The treatment train comprises a range of integrated components managing runoff at different 
scales (Jefferies, 2010): 
• Good housekeeping: education and pollution prevention programs to reduce sources of 
pollution and runoff; 
• Source control: control of runoff close to where the rain falls; 
• Local control: attenuation and treatment for a group of buildings; and 
• Regional control: a number of sites. 
A range of SuDS technologies/components may be used in the treatment train as shown in 
Figure 2-2. The successive linking of each of these technologies results in the formation of a 
treatment train. 
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Figure 2-2: Typical SuDS technologies in T rea tment train (Armitage, 20 10; Jefferies, 
2005 ; Woods-Ballard el aI., 2007) 
The difference between conventional and SuDS design is significant. Where convent ional 
design simply focuses on quantity management (parki nson el al. . 2007), SuDS consider all 
aspects i.c. quantity, qual ity and amenity (Woods Ballard el al. ,2007). The aim is to engineer 
developments rather than the environment as shown in Figure 2-3. The focus SuDS have on 
quantity, qua lity and ameni ty has amongst others the rollowing benefi ts: 
• " Reduced jlooding 
• Improved water quality 
• Increased ground water recharge 
• Red/lced injrastrucfliral expenditure 
• Enhanced aesthetics & property values 
• Reduced energy consumption " (US EPA, 2000). 
Figure 2-3: Conventional vs. SuDS (Wood, 20 10) 
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2.2.3 'Sustainability' vs. 'Sustainable Development' 
"Sustainability" and "sustainable development" are currently used terms. Understanding this 
terminology is vital as it is increasingly included in policy at all levels of government and 
business. The definition of sustainable development is still "dangerously vague" 
(Mebratu, 1998). There are a number of definitions of sustainability and sustainable 
development, with a bias towards the interests of the organization from which they originate 
influencing many of these definitions. The following two definitions summarize the current 
understanding of the concepts: 
i) "Sustainahility ... is based on the recognition that when resources are consumed faster 
than they are produced or renewed, the resource is depleted and eventually used up" 
(Ecological Footprint, 2007) 
ii) Sustainable Development is" development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs" 
(WeED, 1987) 
In summary, sustainability is the recognition and the consideration of the absorptive and 
regenerative capacities of a system while sustainable development is development 
accomplished within these limits. 
2.2.4 Economics - "the need to consider more than money" 
"No company would stay in business long if its management did not know how much product 
was being produced, how much it cost to produce it, or the market price for the product . 
... Why should we treat our natural capital - capital that sustains life on the planet - any 
differently?" (Olewiler, 2004) 
The point that Olewiler (2004) is making, is that it is no longer possible nor logical to 
only consider one form of capital (monetary/manufactured) to the detriment of other forms of 
capital. The different forms of capital, as discussed in Goodland & Daly (1996) are 
highlighted in Table 2-1. 
It is also worth noting that just as money may gather interest thereby increasing in 
value, so may other forms of capital as shown in Table 2-1. This may occur through the 
ecosystem goods and services offered by natural capital (de Wit et aI., 2009) or the advances 
resulting from education that forms part of the social capital. It is vital that the cumulative 
capital accounts (manufactured, social and natural) be kept in balance. Where one is depleted, 
investment should be made into another. This is not generally the case as is evident in Figure 
2-4, which shows "the change in net national savings in 2001 for countries in which there 
was a decline of at least 5% in net national savings due to the incorporation of resource 
depletion or damage from carbon emissions. (Millenium Ecosystem Assessment, 2005)". 
Many countries are rapidly depleting different forms of capital and are effectively becoming 
'poorer'. 
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Table2-I: Forms of Capital (Based on Goodland & Daly, 1996) 
Type of capital Description 
Natural Capital is essentially the natural unaltered environment, and is defined as 
Natural Ihe stock of environmentally provided assets, fro m which goods and services aTC 
derived. 
Soc ial (including Human) 
Social Capital includes people, their capac ities, and their education . The 
insti tutions governing society. 
Manufact ured 
Manufactured Capital is the goods created by society and includes items such as 
houses, roads and factories 
South AfTica is listed as one o f the countri es depleting its resources at a relat ively slow rate 
yet managing to increase its wealth. The Millen ium Ecosystem Assessment (2005) report 
states that the est imates of net national savings is an overestimate as "it does not include 
potential changes in many ecosystem services including depletion of fisheries, atmospheric 
pollUlion, degradation of sources ofFesh water, and loss of non-commercial forests and the 
ecosystem services they provide. ". This suggests that South Africa may not in fact be 
increas ing its wea lth. It is vital that future development at least considers the impacts on all 
forms of capitaL 
2.2.5 What is required in a model for South Africa? 
The model must: 
• Recognise that stormwater systems are designed with different goals in mind; 
• Allow fo r systems des igned with different primary goals to be considered; and 
• Account for the impacts on different forms of capital. 
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Figure 2-4: Net National Savings in 2001 Adjusted for Investments in Human 
Capital, Natural Resource Depiction. and Damage Caused by Pollution Compared with 
StuDdard Net National Savings Measurements (Mi lieniull1 Ecosystem Assessment. 2005) 
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2.3 Drainage infrastructure valuation 
The requirements of the different stakeholders, the interdiscip linary nature of the design 
team, the avai lable capi ta l, local by-laws and the sile itself all affect the cost of implementing 
a Slonnwater management plan. It is recognized that SlOmnvaler is but one of the many 
serv ices that a new development wi ll requi re. Debe & Reese (2003), emphasize the need for 
slOm1\valer infrastnlcture des ign to be an inlegral part of site design. It may affect the 
placement of o ther infrastructure, alternatively. i f "slOrmwater considerations are tacked on 
01 the end, it will probably not be Cosl effective or effective ;n reducing impacts oj 
development. (Debo & Reese, 2003)" 
SuDS and Conventiona l systems are fundamentally diffe rent , as noted above; thi s will 
inOuence the cost of the system in both the short and the long tenn. This section will develop 
on the previous section and consider the different stormwater management strategies and the 
associated costs. In their study on the cost of stonnwater controls, Narayanan & Pitt (2008) 
consider a variety of technologies assoc iated with stonnwater. These included the 
management of 'standard ' runoff and runoff in critical source areas. While important and 
relevant to storm water management in general. for the purposes of thi s study it was necessary 
to narrow the focus to the 'typical' conventional system and ' typical' SuDS techno logies. For 
the purposes of thi s li terature review the systems will be defined as shown in Table 2-2. 
Table 2-2: Categorization of Conventional and Sustainable drainage systems 
components 
_____ Drainage System 
~ __ ~c~o~n~v~·2n2tio~n=a~I~S~ys='~.m=-__ ~S~U=D=S~=c~ ________ -1 
Pipes Grass Swa les 
- I-"M.::',,":::hO:::':::"=--__________ I-"B.::;O,,"::.":::".::,.::.;O::"'----,-______ __1 
-.= h 0' Inlets Infiltration trenches 
g ] ro~---------------t~--~~c---_c----__1 
c." Paving Penneable Pavements e ~ a ~ Pump stations Green Roofs 
Open (concrete) Channels Wet & Dry detemion ponds 
2.3.1 Conventional systems 
In thei r studies on the cost of stomlwater management Heaney el al. (2002) and Narayanan el 
al. (2008) have ex tensively reviewed the techniques fo r est imating the costs of conventional 
stomlwater systems, espec ially in the area of estimat ing the costs of pipes. Both reports 
identify the same techniques. This review does not di scuss the li terature covered in these 
documents, which are al ready fairly similar and detai led, rather it highlights the range of 
techniques available and what these and other au thors have used and identified as 
appropriate. 
Conventional systems are associated wi th a wide variety of costs: excavat ion, bedding, 
pipe size and material , backfill type and de li ve ry costs, in lets and catch pit costs and manhole 
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costs (Narayanan & Pitt, 2008). This section will highlight how these costs form part of the 
models, 1001s, and techn iques used 10 estimate the costs ofstonnwater drainage. 
Simi larities between wastewater and stonnwater systems allow for comparisons of the 
techniques for estimating the cost of pipelines for a catchment. Table 2-3 indicates the 
complexity of the formulae used and the huge assumptions made in grappling with trying to 
reduce a complicated des ign into a simple formu la. Not one of these fomlUlae uses South 
African data. The majority of these equations emanate from research conducted between 30 
to 40 years ago. Whi le construction cost indices may be used to update the results from these 
formulae, due to their age and the changing catchment characteristics, including increased 
urbanization and densification, the results would be questionable. There are however other 
approaches that may be taken. 
Table 2-3: Oven.ricw of pipelinc cost cstimatc 'tools' (from Heaney el a/., 2002 & 
Narayanan el al., 2008) 
Source Developed by/using Equation 
Knapp. 1967 
Presented 2 models for the investment costs of data collected from 
7 Variables 
'typical' storm water drainage systems 
Dajani el 01., 197 1 Regression analysis using aClOal construction bids data 6 Variables 
Rawls er a/., 1972 
Examined 126 small urban drainage systems and presented a 
6 Variables 
nonlinear relationship for predicting costs. 
Grigg & O'Hearn, Developed an estimate of pipeline costs as a function of the 
5 Variables 
1976 selected diameter, return period and 'urbanisation factor' 
Tyteca, 1976 Developed a wastewater conveyance system cost 6 Variables 
US Army Corp of Cost of gravity pipes for MA PS Software, to aid in estimating 
12 variables 
Engineers, 1979 water infrastructure costs 
Han, Rao & Estimated the costs of stomlwater drainage as pan ora system 
3 fonnulae 
Houck, 1980 optimization model 
Moss & Promoted the use of LCC in the select ion of stormwater Present wonh of 
Jankiewicz. 1982 infrastructure cost method 
RS Means 
An annual USA Publication providing unit costs for building 
Unit COSI data 
components 
Bester el aI. , (20 I 0) present a set of simple to app ly algorithms including all components 
involved in the construction of a gravity pipeline. The cost of manholes, for example, is 
averaged over the length of the pipeline. The study effectively averaged the values of many 
successful tenders for South Africa. These fo rmulae are use ful and will give an indication of 
an average cost fo r construct ing a gravity sewer system (Bester, 20 I 0). They do not accoun t 
for local factors and this should be noted when they are applied. The fonnulae do not 
cons ider aspects such as kerbs, catch pits and connect ions into the trunk line. These important 
aspects should be accounted for in any des ign. 
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The potential inaccuracies highlighted above, both in the fonnulae development and age, 
could be the reason why (Narayanan & Pitt, 2008) chose to develop their own Excel based 
cost ing model for conventional systems making use of RS Means data (annuaJl y published 
construct ion cost data in the US by Reeds Construction). This method considers the costs of 
trench excavation, beddi ng and backfilling. It then sums them as a cost per uni t, then cost per 
pipeline and fina ll y total project cost. 
A number of cost estimate equations have been developed for individual components 
such as manholes, inlets, curbs and gutters (Narayanan & Pitt, 2008; Heaney el a/., 2002). 
The most accurate method would likely be the use of RS Means for the reasons di scussed 
above. With respect to open channels Heaney el at. (2002) suggest estimating the cost on an 
individual case basis. U.S. Army Corps of Engineers ( 1979) MAPS Software provide a 
template for doing these ca lculat ions (Heaney el a/., 2002). Narayanan el al. (2008) reference 
a number of USEPA studies that could be used to estimate the costs using the Analogy cost 
estimate method. 
The literature review failed to identi fy any sources that supplied reliable data on how to 
estimate the O&M costs associated with conventional systems. It was evident that studies, 
such as Narayan & Pin (2008) made estimates based on experience of the maintenance 
burden of conventiona l systems as no reference to how the maintenance costs were estimated 
was made. One local source of data was identifi ed. The South African 'Guidelines for 
Infrastructure Management ' (DPLG, 2006) is shown in Table 2-4. The values presented 
appear to be unreliable when compared to typ ical rates and maintenance frequencies. An in-
house study by the Ci ty of Cape Town further suggested that their stormwater budget fo r 
maintenance and operations was approximate ly a tenth of what was required (Austin, 2010). 
It is important to note that wh ile these figures are presented in the 'Guidelines for 
Infrastructure Management' (DPLG, 2006), there is no reference to where these fi gures may 
have come from and thus it is difficult to ascertain how appropriate they are. The fi gures 
shou ld be used circumspectly; alternati vely local data should be used where it is avai lable. 
Table 2-4: Conventiona l Systems O&M (DPLG, 2006) 
Asset Operations Wo eRe*) Maintenance (% eRe"') 
Open Channels - Lined o 1.4 
Open Channels - Unlined o 10 
Pipes «600 mm Diameter) o 0.65 
Pipes (>600 mm Diameter) o 0.35 
Nodes and Transitions o 
Erosion Protections o 1.25 
Ponds o 0.35 
Pump station Mechan ical plant 2 4.6 
Pump station Electrica l plant 3 2.3 
Pump station Civil plant 0. 1 0.5 
·CRC: Capital Replacement Cost 
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The different components of a conventional stoml\vater system generally have no agreed 
upon Expected Usefu l Life (EU L). Few munici pal asset management plans will de fine the 
EU L. and where they do, the EUL's vary dramatically or are questionable. This is espec iall y 
eviden t in South Africa where available Munic ipal Asset Management Plans wi ll estimate the 
EUL of a concrete pipe to be 40 years. There is a surpri sing lack of consistent international 
literature on the EUL of conven tional systems. A set of EUL's (Table 2-5.) taken [rom a 
recent study in South Australia by Tonk in Engineering Science, is presented be low. The 
study looked at the current Asset Management strategies of a number of municipalities and 
the results relating 10 Slormwater are presented. The numbers in the sample column represent 
the number of local authori ties that contributed data. It is worth noting that where assets are 
not actively managed, thei r EU L may deteriorate far sooner than expected (Narayanan & Pitt, 
2008). The study conducled by Elli s & Callaghan, (2009) showed Ihe EUL used by ditTerenl 
insti tutions could vary by up to 50 years! 
Table 2-5: EUL of Stormwater nehvork components (Ellis & Callaghan, 2009) 
Asset Sample (councils) Minimum (years) Maximum (years) Median (years) 
Rep 8 lO 100 100 
FRC Pipe 4 80 100 100 
Box Culvcn 6 lO 100 15 
Sidc Ent ry Pit 4 lO 80 55 
Junction Box 4 lO 80 55 
I-Icadwall l lO 80 lO 
Lincd Channel 4 lO 100 80 
Unlined Channel 4 10 100 100 
2_3_2 SuDS 
While there are a number of SuDS technologies, thi s research will focus only on those that 
are included in the proposed, South African SuDS Guidelines. It is important to understand 
the SuDS Management approach, and the impacts of technology select ion on the costs and 
benefits of the design. SuDS aim to take advantage of a treatment train mak ing use of source, 
loca l and regional contro ls. Figure 2-2 gives an overview of where the different technologies 
fit into thi s continuum. 
SuDS are fundamentally different to conventional systems and therefore the factors that 
influence thei r costs, both capita l and operating are d ifTerent. This sect ion highlights how the 
principles of SuDS and design decisions influence the costs ofa SuDS system. 
Unlike conventional piped systems, SuDS are not so lely a ri sk management so lut ion. 
Quantity, quali ty and amenity all need to be considered and it is therefore important to 
recognize that the total costs fo r any drainage system should reflect everything required to 
keep the system operat ing. The effectiveness of a SuDS system is based on the use of a 
treatment train where each successive unit process further treats the runoff. 'Good 
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housekeepi ng'. is especia ll y important in order to min imize regular maintenance such as litter 
collection. 
The design of the treatment tra in may result in diffe rent outcomes, especially with 
respect to cost. This is best demonstrated usi ng an example from Berwick (201 1). The three 
treatment trains shown in Figure 2-5 could all potentia ll y meet the short term local po ll utant 
removal criteria for a hypothetical catchment. It may therefore seem logical to use treatmen t 
train I , to con tain costs. However: 
i) In Treatment Train I, all the runoff with associated pollutants is piped direct ly into the 
wet land. This implies that all the suspended solids will co ll ect in the wetland and will 
req ui re frequent removal. 
ii) In Treatment Train 2, the swales convey the runoff to the wetland. During this process 
the swales wi ll filter the runoff and remove a large portion of the sedi ment, lessening 
the quantity entering the wetland. 
iii) In Treatment Train 3, a dry detention pond further detains the runoff before re leas ing it 
to the wet land. This allows almost all the sediment to sett le out and prevents sediment 
from enteri ng the wetland. 
Pipe 
Weiland o 
TrulmfnC Train 1 
Swales 
Catchment Detention Pond Weiland 
TrU lmtn l Trail 3 
Figure 2-5: Three treatment t ra ins (adapted from Berwick, 20 11 ) 
Treatment Train I may well have the lowest capi tal cost, but as it is generally more cost 
effect ive to remove sedimen ts from dry above ground SuDS (Berwick, 20 11), both Treatment 
Trains 2 and 3 are likely to prove to be more cost effect ive in the long tenn. It may be argued 
that Treatment Trai n 3 is over-designed. This would however depend on the catchment, 
pollutant load and the rece iving water body. It is therefore vital that the long term functioning 
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of the SuDS technology and treatment train is considered as an integral part of the design and 
costing process. 
The bulk of expenditure on SuDS is related to earthworks and landscaping. Estimating 
accurate unit rates is difficult, especially within the landscaping profession. Additionally, the 
following aspects, inter alia, of a development will influence the costs of the system: 
• "Project scale and unit costs 
• Retrofits vs. green fields 
• Regulatory requirements 
• Public vs. private design and construction 
• Contractor vs. public works crew 
• Flexibility in site selection, site suitability 
• Partnerships 
• Levels of experience with the technologies, by both designers and contractors" (Lampe 
et al., 2005). 
The last point is of specific relevance in any country where the 'SuDS approach' is relatively 
new - for example South Africa. Clearly the these factors are determined by both the site and 
the regional influences and it is therefore unreliable to use "averages" for estimating costs. 
Lampe et ai., (2005) therefore suggest that: 
• Available cost data is very uneven; 
• Capital cost data is very site-specific; and 
• Engineering cost estimates are a good planning-level measure of capital costs. 
It is better to take an engineering cost estimate approach, rather than making use of equations 
developed from regression analysis for estimating the LCC of SuDS. Firstly, this would be in 
line with the recent approaches taken in evaluating LCC for conventional systems 
(Narayanan & Pitt, 2008; Heaney et al., 2002). Secondly, there have been no cost studies into 
SuDS in South Africa. Thirdly, many of the SuDS are "comprised of well-known construction 
materials and techniques" (Lampe et al., 2005). 
Many SuDS options make use of vegetation e.g. swales, wetlands and green roofs. 
These SuDS options at first require irrigation and replanting until the vegetation is fully 
established and these costs should be included in the capital costs. Accurately determining 
these costs may be difficult and the South East Queensland WSUD (Moreton Bay Waterways 
and Catchments Partnership et al., 2006) guidelines state that: "It is important to note that 
swale systems, like most WSUD elements that employ vegetation based treatment processes, 
require approximately two growing seasons (i.e. two years) before the vegetation in the 
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systems has reached its design condition (i.e. height and density). In the context of a large 
development site and associated construction and building works, delivering swales and 
establishing vegetation can be a challenging tas/['. For this reason, it is suggested that a 
phased approach to construction be undertaken, whereby drainage is implemented first, then 
protected and established throughout the rest of the construction process (Moreton Bay 
Waterways and Catchments Partnership et al., 2006). This is in line with Woods-Ballard et 
al. (2007) and Debo & Reese (2003) who suggest that the areas where SuDS are to be 
established be protected from the construction process as far as possible to prevent pollution 
and compaction that limits infiltration. It is important to recognize that a number of factors 
affect the establishment costs. These include the timing of planting, the watering and the 
weed control requirements. 
The importance of designing a SuDS system as a treatment train is discussed above. 
Unlike a conventional system, each component (SuDS option) has a range of performance 
variables. Each of these variables has potential impacts on the costs of implementing the 
specific SuDS option, as well as on the cost of the future maintenance requirements of the 
system as a whole. When optimizing the system a range of performance variables and their 
impacts on maintenance costs need to be considered. 
Developers may be concerned that SuDS options may decrease the area that may be 
developed (Buys & Aldous, 2009; ECONorthwest, 2007). This concern is real, as many 
SuDS options require a larger land take than conventional options. On the other hand, where 
SuDS are correctly implemented with consideration of quantity, quality and amenity, the 
properties could gain additional value (see Section 2.4.5). The potential for gaining additional 
value will be dependent on the attitude and willingness to adopt these technologies. The 
sentiments of a Pennsylvania developer should be considered i.e. "We are required to build 
urban runoff management basins. Why not take an environmental negative and turn it into a 
positive, into a visual asset? (Tournier & Westmacott, 1992)." 
The design process must not simply consider the capital costs but as illustrated with the 
three treatment trains (Figure 2-5) must fully consider the maintenance requirements. 
Facilities should be designed to be as maintenance free as possible, and competent designers 
should "recognize that all structures require periodic maintenance, inspection and repair 
(Debo & Reese, 2003). Designs should allow for the frequency and types of maintenance that 
the system will require (Berwick, 2011) and the associated cost should be considered as part 
of the design process. 
It is vital that SuDS are maintained to ensure performance i.e. quantity and quality and 
amenity values are maintained (Berwick, 2011; Haubner et al. 2001; Woods-Ballard et ai, 
2007). "The question is not whether stormwater management system maintenance is 
necessary in a community. Rather, the question is how a community's maintenance programs 
will be budgeted, staffed, and administered, and who has responsibility for managing 
inspections, scheduling periodic required maintenance, and funding remedial work" 
(Haubner et al., 2001). SuDS require constant maintenance to ensure proper functioning. 
Failure to do so results in premature failure and in the system needing to be overhauled which 
may have significant cost implications. In the absence of proper maintenance, the condition 
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of conventional stormwater infrastructure will initially deteriorate slowly - increasing with 
time. SuDS deteriorate at an more rapid rate. Continued failure to maintain systems will 
accelerate the system's loss of condition resulting in premature failure. Poor design and 
failure to maintain SuDS systems results in many SuDS failing prematurely. 
All SuDS require regular inspection to ensure that potential problems are identified and 
dealt with timeously. SuDS require regular/routine maintenance on regular basis to ensure 
proper functioning (Woods-Ballard et aI., 2007; Berwick, 2011; Lampe et aI, 2005). This 
includes the following tasks: 
• Litter / debris removal; 
• Grass & vegetation management including cutting, pruning, invasive species removal, 
weeding; and 
• Minor sediment removal, erosion management, etc. 
Less regular maintenance / irregular maintenance is required to achieve: 
• Sediment management; 
• Vegetation replacement; and 
• Minor overhauls. 
Corrective maintenance is required in response to failures in the SuDS integrity e.g. where a 
swale is eroded. Three different levels of maintenance may be considered as detailed in 
Table 2-6. When considering what level of maintenance is appropriate, it is important to 
recognize that amenity is a central SuDS principle and that it requires maintenance as well. In 
certain circumstances, for example where a detention pond is out of sight and has no amenity 
value, the lowest level of maintenance would be appropriate i.e. ensuring the detention pond 
functions from a quantity and quality perspective. Conversely, upmarket, gated communities 
may emphasize the aesthetic aspects of SuDS and hence a high level of maintenance, 
focusing on amenity aspects would be important. Generally, the medium level that considers 
all aspects of SuDS - quality, quantity and amenity - is appropriate (Berwick, 2011). 
SuDS treatment trains, unlike conventional systems, are relatively complex when it 
comes to determining both the system's life cycle and the life cycle costs. Appendix F details 
estimated maintenance rates and frequencies for the SuDS options. Certain costs, such as the 
impacts of storms or periods of extreme heat on the cultivation of vegetation are difficult to 
predict. Extremes of either require extensive replanting. Climate and site-specific 
considerations need to be addressed by the project team. 
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Table 2-6: Levels of ma intenance for SuDS (after Berwick, 20 11) 





Basic maintenance ensuring functioning (quality & quantity) of the SuDS opt ion 
Intermediate maintenance ensuring functioning (quality & quantity) and reasonable 
level of amenity 
High maintenance ensuring both the functioning, and ensure a high amenity level 
(appearance). AdditiOl1al maintenance is for amenity va lue only and does not impact 
on functioning 
A review of the li terature showed that there is no generally agreed upon EUL for the different 
components of a SuDS System. Few studies attempt to estimate the EUL and where they do, 
the estimated EUL's vary dramatica ll y. This could be related to the poor maintenance and 
record keepi ng of SuDS that has occurred in countri es where SuDS was first introd uced. Poor 
maintenance results in the systems fail ing which in tum results in the SuDS option 
developing a poor reputation. This may be a cause for the lower estimated EUL's. Proper 
maintenance on the other hand results in many SuDS techno logies operating for extended 
periods, likely resulting in the higher est imated EU L's. Table 6 indicates the variability of the 
EULofSuDS. 
Table 2-7: EUL of SuDS network components 
MUSIC, Narayanan, Pone he d 
FHWA I EPA 
Jdferies, Sharkel. 
Su DS option 




Rai n Wa te r 
25 years >20 years 
Harvesting 
G reen Roofs 
10-40 (based Up to 90 
on design) years 
Infiltrat io n Trenches 20·50 
10 years 
5·15 
& Soa kaways years years 
Bio retention 
25·50 20 used for 
years LCCA study 
15·20 >10 years 
Per meable Paving before maximum of 





Burrers & Filter 25·50 20 used for 
20-50 years 
Strips years LCCA 
Wetla nds & 30·50 20·50 >20 
Retentio n Ponds years years years 
20-50 
Dependent 
Detention Ponds 50 years 0' years 
maintenance 
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Attempting to predict the life cycle costs of a SuDS system is difficult as it is based on the 
technical design and the level of maintenance. Significant cost is incurred when the SuDS 
option is overhauled I replaced. This re inforces the importance of the accuracy of the 
estimated EUL. 
Table 2-8, based on experience in UK, gives an overview of the relative costs of 
different SuDS options. The relevance of Table 2-8 will be dependent on all the factors 
discussed above. 
Table 2-8: Rela tive costs of different SuDS (Woods-Ballard el al., 2007) 
SuDS option Land Take Capital O&M 
Rai nwater Harvesting NIA Low-High Low-Med ium 
Soakaways NIA Low Low 
Trenches Low Low-Medium Medium 
G reen Roors NIA Low- High medium 
8io relention I-l igh Low Medium 
Grass Swa le High Low Med ium 
Permeable Pavements Low Low-Medium Low 
Filter Strips High Low Low 
Buffer Strips Hig h Low Low 
Dry Storm water 
Medium Low Low 
Ponds 
Retention Ponds High Medium Medium 
Wet la nds High High Medium-Low 
2_3.3 What is requi red in a model for South Africa? 
The model needs to account fo r: 
• Whole storm water drainage systems and single components. 
• The complexities of SuDS and conventional systems: 
o The different techn iques of evaluating costs; and 
o The model must consider and compare different maintenance scenarios. 
2.4 Environmental Goods & Service (EGS) 
It is widely recognized that the phi losophy underlying SuDS encourages the use of natura l 
processes. SuDS have the potent ia l to supply a number of goods and services to stakeholders. 
These include. but are not limi ted to: flood mi tigation, improved water quality, increased 
ground water recharge and improved aesthetics resulting in increasing property va lues. The 
following section di scusses the natural environmental goods and services that conventional 
systems degrade, and that the SuDS approach attempts to sustain and re introduce. 
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The diffe rence between Natural Assets (NA) and EcosystemlEnvironmental Goods and 
Services (EGS) requi res clarification. NA are "the s fOcks of environmental resources owned 
by" an indiv idual or institution, whereas EGS "are fhe flo ws of benefits derived f rom these 
asselS (the inreres/ or services generated by the natural capitaf' (de Wit el 01., 2009). 
A SuDS design effecti ve ly reinvests in natural capital which results in increased 
'interest' in the form of EGS. In comparing stormwater systems, the focus is commonly on 
the costs to stakeholders and not necessaril y about the balance sheet or the di tTerent fanns of 
capi tal. 
There are a number of ways of understanding the different ecosystem services. The 
Millenium Ecosystem Assessment (2005) provides a simple representation of the different 
ecosystem goods and services such as: provisioning. regulating, cullural and supporting 
goods or services (Figure 2-6). Considering the ecosystems goods and services in these four 
groups ass ists in identifying possible valuation techniques, and ensures that a service is not 
valued more than once when conducting an economic analys is. These considerations are 
further di scussed in Section 2.5 .4. Most of the EGS discussed in this section classify as a 
regulat ing service as these are most directl y associated with stonnwater management. 
ECOSYSTEM SERVICES 
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• NUTRIENT CYCUNG 
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Figure 2-6: Ecosys tem Services (Millenium Ecosystem Assessment, 2005) 
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2.4.1 Redu ced flooding 
It is widely recognized that increasing urban development is resulting in increased runoff 
volumes and peak fl ows. The cumulative effects of these impacts on flood peaks is estimated 
(0 range from 20-50% in residential areas and more than 100% in heavily industrialized areas 
(SANRAL. 2007; Haubner el al., 2001 ; Brown el al., 2005). The SuDS philosophy of on si te 
treatment both reta ins water on site, and reduces runoff velocities. This reduces the costs and 
impacts on downstream infrastructure e.g. bridges (ECONorthweSl, 2007). 
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Concrete pipe system 
_ _ _ Bio-filtration system 
<i--___ _ 
- Opcn channel now condit ions in 
the bio- fi ltration system 
4,00 PM 5,00 PM 6:00 PM 7:00 PM 8,00 PM 9:00 PM 10:00 PM l l :oo PM 
Time of runoff 
f igure 2-7: Compa rison of discharge between a conventiona lly piped stormwater 
sys tem, and one using WSUD principles (traced from Lloyd, 2004) 
Figure 2· 7 is taken frolll a study conducted by Lloyd (2004) that used Water Sensitive Urban 
Des ign (WSU D) princip les to develop a site. The hydrograph above is a comparison between 
corresponding des igns fo r the catchment. It is clear that the bio·fi ltration system de layed the 
flood peak in comparison to the conventional system There is further evidence that the tota l 
runoff (area under the graph) and peak runoff is reduced although there are times where the 
two graphs coinc ide. This indicates that the formation of an open channel flow over the 
surface of the system has occurred (Lloyd, 2004). 
2.4.2 Improved water quali ty 
Buys & Aldous (2009) noted that storm water is a major contributor to deteriorating water 
quali ty in the urban water systems of cities. It is wide ly accepted that SuDS has lhe ab ility to 
treat sto rmwater, and improve water quality (ECONorthwest, 2007; Minton, 2002) by 
capturing poll utan ts and treating lhem through phys ical, chemica l, and biological processes 
depending on the techno logy implemented. This improved water qua lity is an environmenta l 
service that is essentiall y provided for free . 
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2.4.3 Increased ground water recharge 
The South African government has identified ground water as a possible resource for 
supplying coastal cities as the potential to build dams decreases (Gosling, 2010). Research in 
Atlanta, USA by Otto et al. (2002) suggest that impervious surfaces have reduced ground 
water infiltration in Atlanta by 132 billion gallons a year (500 billion litres), the equivalent of 
3.6 million people's water usage (ECONorthwest, 2007). Decreased infiltration results in the 
dropping of the water table, which in tum results in increasing extraction costs and limits 
extraction potential if environmental damage is to be avoided. Almost all SuDS make use of 
infiltration and have the potential to increase ground water supplies. 
2.4.4 Infrastructural expenditure 
While the ECONorthwest, (2007) study claims, and clearly supports the assertion that 
infrastructural expenditure may be reduced, a number reports including, but not limited to 
Lloyd (2004), ECONorthwest (2007) suggest that this is generally the case. Many of these 
case studies highlight one or two cases where the SuDS design has proved more expensive in 
terms of capital expenditure. A number of factors may influence the findings noted above. 
These include amongst others the costs of labour and technology that can vary greatly 
between the developed countries and the developing world. Section 2.7: Local economic 
factors: South Africa, discusses these factors in more depth. 
2.4.5 Enhanced aesthetics & property values 
In general increased urbanization has led to increased impervious surfaces e.g. pavements, 
roofs and driveways. These have the ability to increase runoff by up to a factor of 10 
(Brown et al., 2005). The goal of conventional drainage has been to remove runoff from an 
area as quickly as possible but has ignored, inter alia, the aesthetics of the stormwater 
system. It is generally accepted that water frontage and natural features add to the aesthetics 
of an area and consequently to the value of the properties in that area (ECONorthwest, 2007; 
US Department of Defense, 2004). A recently updated study by the US Department of 
Defense (2010) concludes that: "In a variety of completed projects, micro-scale runoff 
management features have provided architectural interest in various forms ... " In Cape Town 
the rehabilitation of the Kuils River elevated property prices adjacent to the river by an 
average 10-12% (Van Zyl & Leiman, 2001). In a developing country such as South Africa 
this may put the cost of housing beyond what may be affordable to the poor. 
While the increase in property values is desirable this does not apply to all SuDS 
technologies as some may in fact cause decrease in adjacent property values in case for 
example where detention ponds are not maintained and solid waste collect, or where 
mosquitoes present a health risk. Additionally, certain technologies take up more land than 
conventional systems, and this land also has value (Buys & Aldous, 2009). Consequently, 
there is a need to consider and balance this aspect through the combination of technologies. 
For example, green roofs manage stormwater without requiring additional land, reducing the 
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amount of land required for other contro ls (USEPA, 2000), an advantage for developers who 
arc concemed about losing developable area. It has also been identified that "properly 
designed" controls may experience the "waterfront effect" that is commonly associated with 
natural water bodies. The value of this could range between 5-30% averaging at a 10% 
increase in the value of properties with a view of the water bodies (Buys & Aldous, 2009». 
Addit ionally, in areas with excess properties for sale, waterfront properties experienced an 
increase in value. However Klein (2003) and Buys & Aldous (2009) found that dry ponds had 
the opposite efTect to wet ponds and that property va lues were 4-10% lower. The point about 
dry ponds is reinforced by research in Illinois that also indicated the perceived negative effect 
of their construct ion (Buys & Aldous, 2009). Table 2-9 is compiled from US EPA ( 1995) and 
ind icates which factors re lated to drainage tend to lead to an increase or a decrease in 
property va lues. 
Table 2-9: Factors affecting property values 
Factors affecting properly values 
Increases 
Naturally designed water bodies (Wet Ponds) 
Ponds & lakes create ideal scenery for business parks 
Positioning, features near entrances increase sale and 
value of properties 
Property with water views or other amenities can be 
charged premiums 
New recreational faciliti es (paddling, open areas etc.) 
2.4_6 Reduced energy consumption 
Decrease 
Open, unprotected water is a concem to residential 
owners with young children - drowning hazard 
Poor design/aesthetic appeal (dry ponds) 
Safety concerns, main negative effect ofstonnwater 
controls 
Poor maintenance leads to unsightly wet/dry ponds 
due to excessive algal growth or garbage build-up. 
Health concerns (mosquito breeding grounds.) 
" Vegetated roof covers in urban areas offer a wlriely of benefits, such as extending the life of 
roofs, reducing energy costs .... tt (USEPA, 2000). The reduction in energy costs is related to 
the reduction in ambient temperature and a result of the insu lat ion offered by green roofs. The 
abi lity to reduce ambient temperatures has recently been confinned in a study for the 
eThekwini Municipality. The study showed that the use of green roofs decreases the air 
temperatures and insulates the roof (Greenstone, 20 10). This insulation effect can reduce 
energy requirements of entire buildings (ECONorthwest, 2007) while concurrently reducing 
pol lution and improving aesthetics (US Department of Defense, 20 I 0). 
2.4.7 Who Pays? 
The "polluter pays" principle is wide ly accepted in law and therefore it is appropriate to 
account for the cost oflreatment. Hunter City Council (2007) summarizes the most important 
aspects in relation to the valuat ion of assets and services: 
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• ''polluter pays-that is, those who generate pollution and waste should bear the cost of 
containment, avoidance or abatement; 
• the users of goods and services should pay prices based on the full life cycle of costs of 
providing the goods and services, including the use of natural resources and assets and 
the ultimate disposal of any waste; and 
• environmental goals, having been established, should be pursued in the most cost 
effective way, by establishing incentive structures, including market mechanisms, that 
enable those best placed to maximise benefits or minimise costs to develop their own 
solutions and responses to environmental problems. " 
These views are widely supported in the literature. Lampe et al. (2005) emphasize the need to 
consider EGS as part of any analysis. In conventional systems, these costs are currently being 
externalized onto the environment resulting in the potential for the loss of natural capital. The 
whole life cycle of drainage designs are often not considered. 
2.4.8 What is required in a model for South Africa? 
The model needs to: 
• Account for the numerous EGS associated with SuDS but not associated with 
conventional systems; 
• Ensure a fair comparison between SuDS and conventional systems by accounting for 
the EGS associated with SuDS; 
• Permit the user to determine who pays as well as what is being paid for; and 
• Account for all 'costs' over the life cycle. 
2.5 Infrastructure economic assessment 
2.5.1 Economic assessment 
Gordon et al. (2002), Kuprenas et al. (2003) and Gordon et al. (2004), proposed a 
methodology for analysing the costs of advanced treatment in the Los Angeles area. Applying 
this methodology they considered the impacts on the economy of implementing stormwater 
treatment to meet the local water quality requirements to three different levels within in the 
Los Angeles area. Numerous authors have presented methods and data for undertaking Life 
Cycle Cost Analyses (LCCA), however these methods consider only monetary aspects 
ignoring the impacts of externalizing treatment onto the environment, or treating storm water 
on a regionalized basis. Some studies, such as Kirk (2006), have undertaken Life Cycle 
Analyses (LCA) that have the potential to consider the total environmental benefits and all 
aspects of the life cycle. These studies are however site specific, hence their use in 
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predeve!opment decision-making is limited. It is therefore important to define what type of 
analysis is to be undertaken. Figure 2-8 highlights a number of factors that should be 
considered as part of an analysis of a stonnwater system. 
A review of the literature indicates three common approaches used to evaluate these factors 
in economic studies of SuDS and conventional drainage systems. These are: 
i) Ana lysis of the capital/construct ion costs (eCA); 
ii ) Analysis of the Life Cycle Costs (LCCA); and 
ii i) A comprehensive benefit cost analysis (BCA). 




• Environmenta l 
damage 
Land Take 
- Amount of 
Land Taken 
Lire Cycle Cost 
-l nveSllnent & 
Operational Costs 
• Community Costs 
Risk a nd 
Exposure 
• Risk Exposure 
- Insurance 
Long Term 
AffordAbi li ty 
- Sustainability 
Figure 2-8: Factors to be considered in an Economic Analysis 
Table 2-1 0 indicates that a CCA would be relati ve ly simple to complete in South Afri ca 
where there is limited li fe cycle costing data . Due to the li mited outputs. it would however be 
of relative insignificance to the majority of stakeholders. On the other hand, Figure 2-9 
indicates that the output from a comprehensive S CA would be optimal for decision makers 
due to the comprehensive nature of the study; however, the drawbacks in terms of cost, the 
lack of available data and time constraints, limit its app lication in thi s research. It is also often 
difli cuh to assess all the benefits. For the purposes of thi s research, the LCCA analysis is 
1110st appropriate as suffi cient data is avai lable to undertake the analys is. The LCCA may be 
undertaken within a reasonable lime frame. This is in li ne with international studies where the 
majority o f lhe stud ies are based e ither on capita l/ implementat ion costs or li fe cycle costs as 
di scussed above, with a qua litative assessment of the ri sks, and environmental benefits 
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(ECONorthwest, 2007). Certain additional considerat ions will be included to achieve a fair 
evaluat ion of the di rfcrcnt techniques: 
• Ensuring that both conventional and SuDS techniques have equivalent emuent quali ties; 
• Ensuring that peak flows are equall y reduced; and 
• Ensuring that the design of conventional drainage does not influence the design of SuDS 
or vIce versa. 
Table 2-10: Techniques for analysing drainage economics 
Techniques for analysing urban drainage economics 
Advantages Disadvantages 
Capital Cost Analysis (CCA) 
One of the most common siudies Cons iders only capital costs 
Requires the minimum inpuis Ignores benefits 
Can be completed easi ly Goods & Services 
Does nollake account of effectiveness of systcm 
Different stakeholder will want different information 
Lire Cycle Cost Analysis (LCCA) 
Considers whole life cyc le costs from des ign to 
decommi ssioning 
Intermediate assessment 
Still excludes economic benefits of the construction 
Can be done on a case study basis. In SA rather unlikely 
as the systems are not old enough to allow for collection 
of sufficient information 
Btndil Cost Analysis (BeA) 
Comprehensive analysis Requires more data and lime, and costs more to produce 
Considers all economic benefits and costs 
2.5.2 Life Cycle Cost Analysis 
Life Cycle Costing (LCC) is "the systematic consideration of all relevant costs and revenues 
associated with the acquisition and ownership of on asset" (C li ft & Bourke, 1999). Life 
cycle costing essentiall y considers all the costs associated with an asset. In terms of SuDS, 
this would include design, construct ion, establishment of vegetation (SuDS option 
dependent), maintenance (inspections, regular, irregular, and correct ive), di sposal and land 
costs. These costs, and any benefits, are all discounted to their present va lue. There are two 
possible LCCA that may be undertaken viz. an economic or a financial analysis as indicated 
111 Figure 2-9. A financial appraisal considers only the monetary costs assoc iated with an 
asset's life cycle whereas; a ' full' economic appraisal considers bOlh the monetary and the 
non-monetary costs over the assets' li fecycle. Non-monetary costs include the environmental 
costs and benefits which may be economically appraised and included in the analys is. 
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Life Cycle Costing 
Economic appraisal Financial appraisal 
Non-monetary appraisal Monetary costs 
Environmental costs 
Environmental 
Direct costs Indirect costs 
benefits 
Figure 2-9: Approaches to Whole Life Cycle Costing (After Lampe el al., 2005) 
2_5 _3 Estimating Financial Costs 
The following five approaches may be used to esti mate the cost of infrastructure: 
i) Bottom-up cost estimate - requires the identification of a ll costing components of a 
project or a design, and then the summation of these costs, to determine a total project 
or design cost (Narayanan & Pitt, 2008). It is not always appropriate for a Lee where 
data, time or personnel are li mited (US Department of Defense, 1995). 
ii) Top-down cost estimate - considers the overall characteri stics of the project (US 
Department of Defense, 1995). "Costs of the entire project are estimated by 
partitioning the project infO lower level components and lifecycle phases beginning ar 
the highest level (Narayanan & Pitt, 2008)." 
iii) Expert judgment - is a process of consulting with "experts" within a field. The 
estimated cost of a project or design is based on the experience of the expert (US 
Department of Defense, 1995). While expert judgment is useful , and compliments other 
estimation techniques, it is limited to the "expertness" of the expert. This point is 
highlighted by Bowers ( 1998) in reference to environmental costs. Bowers (1998) 
questions what qualifies the "expert" to estimate a cost to the environment. In an 
economic analysis that considers the environmental costs and benefits, this method 
could be "discredi ted" and considered inappropriate. 
iv) Analogy - is a method that attempts to draw comparisons with previously completed 
projects thereby extrapolating a cost from the availab le data on the previous projects 
(Narayanan & Pitt, 2008; US Department of Defense, 1995). The major benefit of this 
method is that it is based on actual cost data, however old. If correctly app lied and 
appropriately adjusted it can resu lt in appropriate estimates. The method falte rs where 
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there are no previous projects on which to base the estimates (US Department of 
Defense, 1995). 
v) Algorithmic or Parametric - reduce historical data into equations. These equations can 
have multiple variables (Narayanan & Pitt, 2008). The major advantage of this method 
is that unlike expert judgment, the results are repeatable (US Department of Defense, 
1995). 
2.5.4 Value of Environmental goods and services 
Few studies consider the environment. The valuation of environmental goods, services and 
impacts is a specialized field. This section provides an overview of how environmental goods 
and services may be valued in order to allow for inclusion in a LCCA of a SuDS or 
conventional system. While it is possible to identify the benefits (externalities), attaching 
economic value to them is not simple (Lampe et al., 2005). A number of techniques are 
available for valuing environmental goods and services. Table 2-11 highlights the various 
methods available. Three are relevant to this thesis. These are: Substitute Cost/Replacement 
Cost, Expert Judgment and the Contingent Valuation Method 
The Cost of Replacement is a method that determines the cost of relocating/developing 
an equivalent site elsewhere. In the case of environmental cost, the "compensation" is not 
always made, nor is it given to compensating the environment. If it were, there would be no 
environmental damage or costs (Bowers, 1998). 
The use of this method is further supported by Smit et al. (2002) who state: "Open 
space and catchment managers could use this methodology to compare the annual 
management and operation costs with the replacement cost and value of these systems. 
Furthermore, this type of data could be used to motivate for resources to ensure that future 
engineering solutions will not be required to replace degraded natural systems no longer 
able to provide the required services to the CCT" Turpie et al. (2000) and Harding (2001) 
have used it locally for valuing wetlands in Cape Town. The Contingent Valuation Method 
(CVM) considers the public's willingness-to-pay for a change in the quality or quantity of an 
environmental good or service This will be area specific (Lampe et al., 2005) and requires 
investment in surveys. The purpose of this study is to compare the systems on an equal basis. 
The value of utilizing a society's willingness to pay, especially in an economic downturn, is 
of questionable value. 
It is possible to use multiple techniques, either to compare outcomes or to complement 
each other as was done in the study by Narayanan & Pitt (2008). The method or methods 
selected need to consider the constraints of the project in terms of data (historical & current), 
experience, time and personnel. 
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Table 2-11: Economic valuation techniques (Pagiola ef aI, 2004) 
Method Approach 
Product ion func tion 
Traces impact of change in ecosystem 
(also known as ' change 
~ in productivity' ) 
services on produced goods 
0 ., 
• Cost of illness, human Traces impact of change in ecosystem E 
• capital services on morbidity and monality • c • Substitute Uscs cost of replaci ng the losl goods or • 
'" • Irep lacement cost service •c. 
]! Travel cost (TCM) 
Derives demand curve from data on actual 
• travel costs • > • 
'" Extracts effect of environ mental factors on Hedonic pricing price of goods that include those factors 
• Contingent 
Asks respondents d irectly re willingness to 
y • valuation (CV) pay for l\ specified service 
] c '" • 0 Asks respondents to choose their preferred • ~• '" " ~ • E Choice modelling option fro m a set of alternatives with • ~
particular attri butes 
• Benefits trans fer Uses results obtained in one context in a • different context ~ 
0 Expert Judgment Based on the experience of the expert. 
2.5_5 What is required in a model for South Africa? 
The model: 
Use 
Any impact that affects 
produced goods 
Any impact that affects 
health (e.g. air pollution) 
Any loss of goods or 
services 
Valuing recreationa l 
activities 




Any for which suitable 
com parison are avai lab le 
Any Service 
• Needs to be flex ible and accommodate costs ca lculated utiliz ing different valuat ion 
techniques; 
• Consider the whole life cycle; and 
• Account for EGS in line with appropriate economic princ iples (Either: Substitute 
Cost/RepJacement Cost, Expert Judgment or Contingent Valuation Method). 
2_6 International studies considering stormwater economics 
2.6.1 Overview of international case studies 
SuDS is relatively new to South Africa. As with many new technologies of thi s type there is a 
degree of scepticism and many impediments preven ting their wi9.e spread application 
(CIWEM Conference 2005, 2005). Amongst these is concern about maintenance and 
associated costs. This is a result of a lack of LCC data (Taylor & Fletcher, 2006; CIWEM 
Conference 2005, 2005). Local condit ions in South Africa, catchment conditions on site and 
many other external fac tors will influence the LeC of both SuDS and conventional systems. 
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There is value in considering international experi ences and what has influenced the Lee of 
SuDS internationall y_ 
SuDS technologies have been ex tensively implemented in ' developed countri es'. 
Internationally number of studies have been undertaken to assess the economic implications 
of implementing 'SuDS type technologies'. Different regions tern] and or conceive of SuDS 
slightly different ly, such as: Low Impact Development (UD's), Better Management Practi ses 
(BMP's) etc. In general, the concepts are comparable although not always interchangeable. 
Table 2-12 below is a selection of reports from international authors and includes their 
conclusions with respect to comparing conventional and alternative stonllwater strategies. 
Table 2-12: Comparative studies: Alternative vs. Conventional stormwater systems 
Sou rce Counlry Report's Economic Conclusions 
Boubli el 01 .. (2003) Aus. Based on the above discussion it appears that a WSUD can be delivered on 
most projects without imposing a cost burden. In fact a balanced WSUD 
may be cost neutral on smaller projects but is likely to deliver increasing 
savings on larger projects. 
Lloyd S. D, (2004) Aus. "Bio-fillrallon syslems prol,;de a 25% saving 10 Ihe commllll;IY compared 10 
Ireating runoif convelllionafly 01 a dOlllnslream conslrllcled weiland. 
Additionally researchfound 85% of home buyers sllpporled Ihe imroduclion 
of this lecllnology in their neighbourhoods" 
Sidek el 01., (2004) Malaysia The finding of the study was that MSMA (environmentally friendly 
drainage) was 5% less than that of conventional systems 
Coombes el 01. ,( UK "The belle fils of WSUD sOllrce comrol approaches arise from reduced 
2004) mains IVOler lise and reduced stormll'ater illfraslrucfllre ... 11I addilioll. Ihe 
case slUdy demOf'slrares Ihal lise of WSUD source controls including 
rainwaler tanles in nell' urban development 's offers Ihe economically mosl 
efficielll injrastrucfllre solulion providing benefits to the commllnity of lip 
to S68 in the Lower Hulller Region and up 10 $58 in Ihe Cefllral Coasl 
Re1!;oll. " 
Narayanan,( 2006) USA In a comparison of convent ional systems and grass swales systems, grass 
swales appeared to approxi mately a fift h of the cost over the life cycle. 
USEPA, (2001) USA "The 17 case studies presented in rh i.f reporl show thai LID practices can 
reduce project costs and improve e"vironmental performance. In most 
cases, Ihe case SllIdies indicate Ihallhe use of LID pracfices can be both 
fiscally and ef,vironmemally beneficill/lO communities. " 
ECONorthwest, USA A review oflhe economics ofUD's in the USA. 11 generally found , with 
(2001) notable exceptions, that LID's were more econom ical. 
Overall Table 2-12 appears to indicate that SuDS are usually, but not a lways, more 
economical than conventional systems. In the extreme scenario, conventional systems may 
cost twice that of SuDS over the li feti me of the project. It is however important to identify 
'who pays for what? ' . SuDS require on-going, regular maintenance. A relatively higher 
proportion of the costs might be contained within this particu lar item. It is important to 
emphasize that Table 2-1 2 does not cons ider studies that only considered capi tal costs as 
these studies are often misleading. Land costs are seldom considered. It is worth noting thai 
variations in capital costs may be relative ly large as is shown in Table 2-13. Variations in 
savings range between +76% to 96% savings, the majority of which are greater than 0%. 
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These results may seem to support the use of SuDS, however they remain misleading as the 
burden of the on·going O&M is predicted using limited data. 
Table 2-13: Summary of Cost Comparisons (USEPA, 2007) 





2nd Avenue SEA Street $868.803.00 $651 ,548.00 $2 17,255.00 25% 
Auburn Hills $2,360.385.00 $1 ,598,989.00 $761 ,396.00 32% 
Bell ingham City Hall $27,600.00 $5.600.00 $22,000.00 80010 
Be llingham Bloedel 
$52,800.00 $ 12,800.00 $40,000.00 76% 
Donovan Park 
Gap Creek $4,620,600.00 $3,942, 100.00 $678,500.00 15% 
Garden Valley $324,400.00 $260,700.00 $63,700.00 20% 
Kengsington Estates $765,700.00 $ 1,502,900.00 
1737,200.00 
-96% 
Laurel Spri ngs S 1 ,654 ,021.00 S I, 149,552.00 $504,469.00 30% 
Mi ll Creek SI 2,5 10.00 $9,099.00 13,411 .00 27% 
Prairie Glen $ 1,004,848.00 $599,536.00 $405,3 12.00 40% 
Somerset $2,456,843.00 S I,671 ,46 1.00 $785.382.00 32% 
Tellabs Corporate Campus 13, 162, 160.00 12,700,650.00 146 1,5 10.00 15% 
In LCCA's (Table 2-1 2) SuDS designs have genera ll y been found to be more economical 
than conventional approaches. the degree to which this is the case varies from 5% to 25%. It 
is important to recognise that these studies are not a case of two identical sites being 
developed; but a hypothetica l situation where either one or ne ither design is implemented. 
Consequently. the va lue o f contingencies in the estimate should be considered. This often 
ranges between 10-30%, which should place many studies estimates in a new light. It is also 
worth noting that the experience o f both designers and contractors will influence the 
economics of a design as highlighted in Section 2.3. This is of relevance in South Africa 
where SuDS is re lat ive ly new to all role players. 
Section 2.4 highlighted the value of EGS and the need to fairly compare drainage 
systems. Incorrect conclusions will be reached if a LCCA is conducted without considering 
the significant costs that are externalized onto the environment by conventional systems. 
Many analyses fa il to consider any costs or benefits beyond monetary costs. The valid ity of 
lhese results could be questioned. 
A significant problem when utili zing international studies revolves around a question of 
fairness and relevance to South Africa. As an example, the study by Narayanan & Pitt (2008) 
detailed the fu ll design of which the following two points are notable: 
i) The cost of maincnance of thc convent ional system was estimated, although no 
background to thi s figure was given; and 
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ii ) The design made use of a 1700 ft long (S20m), 50 ft ( 15m) wide swale wi th natural 
buffers of 50 ft (15m) on ei ther side. 
Fi rstly, no reputab le guidelines suggest the design of a 15m wide swale. Second ly, the swale 
and associated buffer strips require 45m serv itudes. That is not pract ica l from a land take 
point of view and would signi ficantly influence the income of a deve loper, somethi ng that 
was not accounted for. Swales are generally a "cheap" SuDS option and the ' explo itative' use 
of swales in thi s design will clearl y result in a cheaper option. The credibili ty of this design is 
questionable, especiall y fo r translation to South Africa. This case study did nol consider the 
env ironmental impacts or tile convent ional design . While international case studies may o ffer 
trends and ideas, unless independent verifi cation is possib le, the proposed designs should not 
be used 10 motivate arguments supporting the economics of SuDS. 
The di scount rate is a point that is seldom considered in these studies. As the di scount 
rate varies, the viabili ty of each system vari es. This is highlighted in Sidck et al. (2004), who 
carried out a sensitivity analysis and found as the discount rate increased the difference in life 
cycle costs decreased, as shown in Figure 2- 10. The lower the rates the more economical the 
MSMA (SuDS) approach was, and inverse ly the higher the rates, the less economical. Further 
discussion of di scount rates is con tained in Section 2.7. 
~ 
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... Traditional Method 
- - MSMA Method ... ... ...... 
O L-----~----,_----~----,_----_r----,_----~ 
1% 2% 5% 7% 
Time of rUlloff 
Figure 2-10: Impact of Discount Rate on comparative studies 
(traced from Sidek el 01. , 2004) 
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2.6.2 Challenging perceptions of SuDS 
Perceptions are an important consideration. They influence both the selection of the drainage 
system and the value stakeholders place on different aspects. Internationally, as these 
technologies came to prominence, there was a general lack of understanding both from the 
public and developers/builders (ECONorthwest, 2007). This potentially gives rise to the 
incorrect choice of technologies or failure to adopt a multidisciplinary approach. Perceptions 
that the construction of SuDS is difficult or more costly may exist. Lloyd et al., (2002) 
concluded after his study that "Construction of the stormwater management scheme was no 
more difficult than for conventionally designed stormwater drainage systems". 
Developers may express concern that SuDS technologies may occupy more space 
decreasing the developable area (Buys & Aldous, 2009; ECONorthwest, 2007). The concern 
is real, however, developers may be reassured that the SuDS if correctly implemented it will 
likely add value to their properties. 
The argument frequently raised in the literature is that SuDS technologies are a 
challenge to the "dominant logic" and consequently there are groupings that approach SuDS 
with scepticism. It is important that all sectors, both public and professional, are educated as 
to how these systems should and can function (Berdier & Toussaint, 2007). There are cases 
where SuDS would be inappropriate and conventional systems may need to be used, for 
example on steep slopes or high risk areas. In these cases quality, quantity and amenity need 
to be considered economically. 
2.6.3 What is required in a model for South Africa? 
The model should: 
• Have the capacity to compare the systems on a fair basis i.e. include and account for 
relevant environmental goods & services; 
• Provide designs that are fair, appropriate and implementable; 
• Consider the whole life cycle of the system; and 
• Allow for the variation of discount rates. 
2.7 Local economic factors: South Africa 
This review has predominantly focused on the economics of stormwater, and the different 
alternatives that may be used in the management of stormwater. It is important that the 
context within which the alternatives are being considered is fully understood. The following 
section deals with the current state of affairs in South Africa where it has been stated that "It 
can be assumed that a national problem with water quality and quantity would affect the 
South African economy in the same way that the recent energy shortage, which resulted in a 
drop in economic growth of at least 2%, to the value of around R45 billion" (van der Merwe-
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Botha, 2009). Additionally stormwater is a major cause of poor water quality (Buys & 
Aldous, 2009). The question has to be asked whether at this point in time investment in 
stormwater management is affordable; while simultaneously considering the long term costs 
and benefits. 
The discussion that follows reviews the current economic climate, as well as factors in 
South Africa that may directly influence both the analysis and the uptake of progressive 
storm water management approaches. The importance of dealing with quantity as well as 
quality is addressed. 
2.7.1 Selecting an appropriate discount rate 
"The discount rate is the rate used to convert all future costs and benefits to present value so 
that they can be compared' (Lampe et al., 2005). It is considered to be the difference 
between the rate of return on the open market and inflation. In the UK the discount rate is 
traditionally set by the national treasury, however in the USA and South Africa this is not the 
case. In 2010, the White House Office of Management and Budget (USA) recommended a 
Real Discount Rate of 2.3% for projects of 30 years or longer (Lew, 2010). In the USA water 
utilities have traditionally used the average cost of borrowing less inflation as their discount 
rate (Lampe et al., 2005). In South Africa the national treasury does not prescribe the 
discount rate, however states: 
"For practical purposes, the discount rate is assumed to be the same as the risk 
adjusted cost of capital to government. The government bond yield has been used by 
some institutions as the discount rate for a particular project over a comparable 
period. The argument in favour of using the government bond yield is that it reflects the 
actual cost to government of raising funds at any given time. This ignores a number of 
factors that are difficult to quantifY, including: various risk margins relating to 
increased government borrowing; various tax implications of diverting funds from 
private to public consumption; and government's time preference of spending. " 
(National Treasury, 2004) 
It is up to the institution or person modelling the project's feasibility to determine and 
motivate the discount rate being used. The Construction Industry Development Board (CIDB) 
refers to the National Treasury definition when applying a discount rate. The CSIR (2000) 
makes use of a discount rate of 8% for road construction, although state that it is necessary to 
conduct a sensitivity analysis for 6.8% - 10%. The use of the South African Bond Yields (8% 
to 9% for the period 2010-2011 (Trading economics, 2011) and an inflation rate of 5% 
(Statistics SA, 2011)) would result in a discount rate of approximately 3% to 4%. 
Selecting an appropriate discount rate is extremely important and contentious issue in 
LCC (Lampe et al., 2005). The discount rate can have an effect on the outcomes and many 
studies therefore recommend a sensitivity analysis with varying the discount rate. This point 
is illustrated in Figure 2-11 where the discount factors clearly show a decreasing value of 
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money over time. More importantly the difference between discount factors increases over 
time. A discount facto r is calcul ated using Equat ion 1. 
- I pv- --
(I+ i}' 
( \ ) 




















1 3 4 5 6 7 8 9 10 II 12 13 14 15 
Years 
Figure 2-11: Present Value discount factors over time 
Sidek el ai, (2004) ind icate a higher discount rate should be ad vantageous fo r SuDS when 
conducting a LCCA This is likely due to two factors. Firstl y. SuDS have generally been 
found to have a lower capital cost (see Section 2.4.8) while having higher maintenance costs. 
When maintenance and operat ing costs over a lifetime are brought to a present value, the 
interest rates playa key role. Figure 2-11 shows the di scount factors used to bring/convert a 
futu re payment/expend iture into its current val ue by multip lying the di scount fac tor by the 
'cash value' . Higher d iscount rates in effect result in a ' lower future cost'. Therefo re the 
balance between SuDS's capital and O&M may be its advantage in an economic comparison 
with conventional systems. 
2_7_2 Local labour market 
Due to the "soft" nature of SuDS, there is an associated and increased need fo r mai ntenance. 
The maintenance required is fairly s imply e.g. cu tt ing grass, remova l of litter, 
removal/rep lacement o f so il etc. The labour market therefore has an important and potentia ll y 
large impact on the LCC of SuDS; consequentl y it is important to consider the local labour 
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market, minimum wages etc. South Africa has a large pool of unemployed persons who 
would benefit from the opportunities that SuDS could offer. In the second quarter of 2011 
South Africa had an 25.7% official unemployment rate (Statistics South Africa, 2011) which 
indicates that there is large pool of potential labour that could benefit from the labour 
intensive maintenance operations that SuDS supplies. This could potentially be used as a 
selling point for government to introduce SuDS to assist in job creation. 
South Africa has a range of legislation dealing with labour relations, amongst these the 
Labour Relations Act, the Basic Conditions of Employment Act etc. While the legislation 
serves to protect employees, it is commonly seen as a hindrance to investment in the country. 
An additional consideration is the fact that South Africa labour is strongly unionized with 
even military personnel belonging to a union. The unions have in the past demonstrated that 
they can become very militant, embarking on strike action and even supporting workers from 
other sectors through strike action. Referring to recent political and social problems within 
the country, Pringle (2010) states: " the recent local taxi and labour strikes .... did not bode 
well for investor perception .... " This should be considered when making decisions regarding 
infrastructure, especially where lack of maintenance or operational work (cleaning of gross 
pollutant traps) results in a risk to the public health and safety. This is especially important in 
South Africa "as labour legislation makes it difficult and cumbersome to discipline 
negligent or obstructive staff" (van der Merwe-Botha, 2009). 
Additionally there is evidence of inflated wage expectations (reservation wages) 
amongst South African's unemployed and labour force. This is evident in a report by 
Kingdon & Knight, (2001) that "about half of the jobless had reservation wages that were 
higher than the wage they could reasonably expect in wage employment". They do however 
state "it is doubtful that many of these were voluntarily unemployed'. This considered, it 
could account for the annual strikes where on a yearly basis, higher wages are demanded in 
South Africa. The hourly wage attributed to inspections and maintenance will be an important 
factor when the operating and maintenance costs are considered and the level of expertise 
required would need to be determined. Lampe et al. (2005) suggest hourly labour costs for 
the USA of $15 - $40. This in South African terms would equate to a monthly salary of 
R20,000 - R53,000 (SA-Venues Exchange, 2010). This is on the upper end of the South 
African labour market. Table 2-14 indicates the South African minimum wage. It is likely 
that the majority of maintenance in South Africa will take the form of manual, unskilled 
labour with skilled supervision and that the minimum wage in the construction sector could 
be attributed to a large portion of the maintenance completed. 
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Table 2-14: Industry specific minimum wage 200912010 (My Wage, 2010) 
Hours of 2009/ 2010 Approximate 
Ind ustry Sub-sector Occupation work per Monthly wage houdy wage 
we<k (Rand) 2009/2010 
Construction Building Labourer 40 \,998 12.5 
Construction Building Labourer/Cleaner 44 2,320 13.2 
Construction Building Labourer/Cleaner 44 1,920 10.9 
Construction Building General Worker 44 2,66\ 15. 1 
Construction Building 
Construction 
Worker Level E 
45 2,090 11.6 
Const ruction Building General Worker 45 1,434 8.0 
2_7.3 Municipal Rates 
A factor that must not be overlooked in this debate is the ab ili ty and willingness of 
stakeholders to pay for storm water management. While stakeholders may accept that there 
arc legal , social, ethical and even medium 10 long-term economic advantages to the effect ive 
treatment of stormwater, the short-ternl investment required may simply be too much of 
financial burden. In retrofits this may be the case, however research in Brazi l suggests that 
SuDS has the poten tial to decrease the investment requirements (Nascimento el al. , 2005). 
If for social, technical or economic reasons conventional systems, which have a proven 
track record (in South Africa), prove to be viab le, or could be implemented in phases i.e. 
while during periods of economic distress, quantity is managed effectively. When financially 
sound water qua li ty can be cons idered. This may be the more acceptable result. As with the 
"Goods & Services" supplied by SuDS systems, these factors must be considered, even if 
they cannot be quantified. 
Stormwater financi ng is current ly built into the general rates, and not as a separate fee 
with the stormwater department having to motivate for resources. This makes it difficult to 
motivate to the public that there is a financia l/economic need to increase fund ing for 
stann water management as it is assumed that thi s is a lready addressed. It is consequently 
possible fo r municipalities to di sguise the inadequate funding of stormwater, as indicated in 
Table 2- 16. Table 2-1 5 indicates the expected increases in municipal rates for the City of 
Cape Town, one of South Afri ca's six Metros. 11 is important to note that for the 2010 
financial year the rates and service fees all inc reased at above the official rate of inflation, 
some instances 3-4 times the rate of inflation. This might in the long term influence resident 's 
abili ty and willingness to pay for stormwater management - however important they j udge 
proper stomlwater management to be. 
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Table 2-15: Expected increase in rates in the C ity of Cape Town 
(City of Cape Town, 2010) 
Item Increase 2010 Comments 
Water & Sanitation 10% Above inflation-
Electricity 24,6% 20 10 four times inflat ion· 
Solid waste removal 18% 20 10 J times in flation* 
2-36 
$tonnwater 0% South African Municipalities do not 
currently directly charge for stormwater 
management 
propeny Rates 9.3% Above inflation-
·Inflation 5.7% in February 201 0 (Statistics SA, 20 10) 
Table 2-16: C ity of Cape Town Siormwatcr budget & budgetary requirements 
(Arnold, 2009) 
Category Budget 
Required O&M R400 Million 
Current Q&M R46 M illion 
Cap ital Budget RI200 Million 
Budget and budgetary requirements 
Comments 
Note this is only for conveyance and quantity manageme nt 
Note this is 10% of lhe required amount required. 
Note th is is an estimate fo r quantity management only over a period o f 
10 years and accounts for the backlog in inrrastructure 
2.7.4 What is required in a model for South Africa? 
The model needs to allow for sensitivity ana lyses to be undertaken by varying the discount 
rate. 
2.8 Cost modelling tools 
2.8.1 WERF Cost spreadsheets (La mpe ef al., 2005) 
The Water Environment Research Foundation (WERF) Life Cycle models are one of the 
simple but most extensive models avai lable. They are the resu lt of an extensive study by 
Lampe el 01. (2005). The Excel based models are based on extensive research into the 
perfomlance of SuDS and their life cycle mai ntenance requirements and the associated costs 
in response to the lack of knowledge in this area. Five separate models were developed for: 
swales, retention ponds, detention ponds, pe rmeable pavements, and filter drains. A more 
recent WERF project developed models for rain gardens, in curb planters, curb contained bio 
retention units. The models allow the user to calculate capital costs over a maximum of 50 
years based on ei ther catchment characteri stics, or user inputs. Maintenance costs are based 
on the results from the WERF (2005) research al though user over ride is allowed. The results 
are entered into a life cycle cost ing module as shown in Figure 2-12. 
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Figure 2-12: WERF 2005 Life Cycle modules (Lampe ef aI. , 2005) 
Two versions were created, one for the USA and one for the UK. While the USA vers ions are 
freely avai lable, the UK versions are cost approximately US$200.00. The UK versions do 
include the following additiona l tool s: 
• Design ca lculations; 
• Associated des ign costs ( fl ood risk management, overheads and land costs); 
• Guidance on envi ronmental and damage costs based on lypical unit costs; 
• Environmental costs may be included in the modelling but are not applicable to SOllth 
Africa the user is required to consider the local factors; and 
• Perfonnance ranking tool. 
Lampe el al .. (2005) emphasises the need to consider the environmental goods and services, 
and the differences between conventional systems and SuDS systems. While the research 
presented is invaluable, and the models are very useful , there are a number of problems 
associated with using these models in South Africa, as is discussed below: 
• The models can onl y consider one Ii Fe cycle, and offer no guidance as to the expected 
useful li fe of components. The models run the li fe cycles over 50 years regardless of 
the component; 
• The models are independent. This requires users to conduct their own calculations to 
convert the results from a number of these models to the same life cycle. The results 
must then be combined into a total system cost; 
• The models require the users to calculate the costs of the SuDS system at its different 
scales; 
• The val uat ion of envi ronmental goods and services is based on very limited research 
with great variation in resu lts; and 
• The models cannot be used for running analyses for conventional systems. or for 
conducting comparisons between systems. The models are essentiall y useful for 
conducting compari sons between technologies. 
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2.8.2 Green Values Stormwater tool box 
The Green Values Stormwater Tool Box is a relatively new tool. It is an internet based 
calculator that estimates the monetary and the environmental costs and benefits of 
conventional and SuDS drainage options (GVSC, 2011). While it is very useful, it has a 
number of disadvantages: 
• Being internet based, the inputted data may not be saved (GVSC, 2011); 
• The data is based on American experience; 
• The valuation of benefits is not based on site characteristics, nor on local data, but is 
related to the treatment of waste water that follows a treatment process that is not 
necessarily the least cost; and 
• Valuations are based on limited data e.g. valuation of flood protection is based on two 
sources (GVSC, 2011). 
2.8.3 MUSIC 
MUSIC is a software package used for conceptual design. The software does have the 
additional ability to conduct life cycle analyses (Music, 2009). While the software is 
extremely useful, the inbuilt data is based on Australian experience (Music, 2009) and hence 
is not necessarily relevant in South Africa. While local data could be input, this data is 
currently not available. Another disadvantage of the software is its cost at R14,000.00 for a 
single computer license, which would potentially be a barrier to its wider use for non-
engineers and small engineering practises (eWater, 2011). Additionally no benefits may be 
considered. The software does allow the user to consider costs verse volume of pollutant 
removed, however there is little data in South Africa to indicate what the runoff 
concentrations are, nor the removal efficiencies of the SuDS options. MUSIC does allow the 
user to consider the costs at different points of the treatment train, a useful tool in recognising 
who is responsible for what costs. While a very useful tool, the application of MUSIC in 
South Africa will not result in a 'fair and equivalent' analysis. 
2.8.4 Rainwater Harvester 
The Rainwater Harvester software (Jones, 2008) is a useful piece of software for considering 
the costs and benefits of Rainwater harvesting and reuse. It has built in rainfall data for a 
number of cities in the USA. It does however have one major weakness for use in South 
Africa and that is the use of imperial units, which would require the conversion of all SA data 
into these units and then the results back to SI units. This would not be user friendly, nor 
practical for the wider use of SuDS in South Africa. 
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ECO.SWM is a LCCA tool for stormwater management that was developed for the SWITCH 
research project. The tool is linked to an online database based on European data, the 
relevance of which is doubtful for reasons already discussed. Only Switch project members 
are able to edit the database although "guests" have limited access and rights (Seiker, 2007). 
ECO.SWM purports to calculate the net present value, however it is not possible to account 
for any non-monetary costs or benefits, and thus the analysis is simply a present value 
analysis. ECO.SWM allows for a number of scenarios to be developed for comparison. 
ECO.SWM is essentially a standard LCCA tool unable to account for environmental 
goods and services. The model therefore fails to meet the important requirement of being able 
to compare to systems on a fair and equivalent basis. 
2.8.6 General 
There are a number of models available for undertaking life cycle cost analyses. A select 
number have been developed to consider costs and benefits, but none of these do so in a 'fair 
and equivalent' manner, in line with economic principles. Additionally none of these models 
could be widely applied in South Africa due to the variations in climate and the site 
characteristics, and the use of non SI units which would not be user friendly. 
2.9 Conclusion 
Society has to make a paradigm shift and refrain from externalizing the costs of sustaining 
current practices onto the environment. Some civil engineering consultants in South Africa 
argue that it is too impractical, too expensive and economically unviable to treat stormwater. 
There is a need for a model to assist in decision making. Internationally a number of models 
are used for conducting comparative economic studies. Many of these models are based on 
historical data and monitoring. As highlighted above, there are a number of reasons why 
these models would be inappropriate for South Africa. If SuDS are to be implemented in 
South Africa, barriers such as the uncertainty of life cycle costs need to be removed and a 
model that allows for the objective and unbiased comparison of SuDS and conventional 
drainage systems needs to be developed. Such a model would need to be appropriate to the 
South African context. 
A number of factors needed to be considered when assessing whether the current 
models are appropriate or whether a new model is required. These are summarized in 
Table 2-17. 
A particular need is the ability to compare SuDS designs with conventional designs in 
an 'equivalent and fair manner'. Most international research indicates that SuDS are at 
minimum a financially better approach to urban drainage. Using a standard LCCA to consider 
the economics of different approaches is problematic, as it does not account for the water 
quality and quantity management that SuDS offers which conventional systems do not. 
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Conventional approaches to stonnwater management expose the environment to potential 
degradation. Ignoring this will result in a biased comparison. 
The literature review has highlighted that much of this research has failed to consider 
the environmental costs and benefits of the dilTerent approaches to sionnwater management. 
The literature review has highlighted one model (Green Values Stonnwater Tool) available in 
the USA that did highlight these aspects fai led to appropriately appraise the costs and 
benefits, and to present results in a manner both useful and accessib le to all stakeholders. 
Ignoring and I or failing to consider these costs and benefits, will result in a biased 
comparison. Recognition of this omission underpins the need for a model that incorporates 
the value of EGS. The reasons why these models have failed to consider the EGS include, but 
are not limited 10 the fo llowing: 
• Minneapolis, City of Orlando and other cities internationally (City of Orlando, 20 I 0; 
Mi nneapolis, 2010). have establi shed stormwater uti li ties which have set charges based 
on resource requirements to maintain runotT quantity and quality. Rebates dependent on 
the system' s design and its management o f runoff are often included. The cost of the 
rates and rebates could be included into any study should a developer desire to consider 
these costs; 
• Goods and services provided by the environment are taken for granted and not 
considered; and 
• Measuring these costs is assumed to be difficult and I or of no concern to designers. 
Table 2-17: Factors consider in deciding the need for a new model 
Factor 
C OSI estimat ion 
Developed vs. the 
Develop ing world 
Exchange rates 
Scale of the model 
Moti\'ation 
Data in international studies is in some cases trapped in equations applicable to the 
country of origin. While based on historical data, there is seldom any explanation or 
backgrou nd data available, and hence uncenainty of whether the use of such 
equations is valid. 
The Uterll ture Review showed that the cost of labour in the developed world is fa r 
higher than that in South Afr ica, while the re lative cost of technology is generally 
lower. This creates a number of difficulties when trying to adj ust formulae and data 
to South A frican values. 
Exchange rates fl uct uate continuously and it is possible to obtain the data of these 
fl uctuations. This data would be very inaccurate since factors such as those 
mentioned above are not dea lt with by merely conven ing between currencies. 
Each of the available models is ta ilored to a cena in scale. For Example MUS IC take 
a regional approach, whereas WERF spread sheets allow for the analysis of 
individual SuDS in isolat ion. It may be possible to combine the results from WERF 
spread sheets, however this would req uire funher calculations which may not be 
possible for all those whom the model is intended fo r in South Africa. While it 
wou ld be possible to consider ind ividual SuDS options using Music, the program is 
designed fo r considering SuDS Systems. This is especially useful when comparing 
options for a speci fi c role but makes considering a developments li fe cycle costs 
complicated. Ideally a model should allow for both of these. 
Valuation of The valuat ion of Environmental Goods and Services has not been considered in 
Environmental Goods & international studies. The only model which ex ists is inappropriate as it fa ils to 
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Services consider costs and benefits of an 'fair basis' 
Two software packages are available for analysing the Life Cycle Costs of SuDS. 
Both these packages consider conceptual designs. While conceptual designs might 
be acceptable when considering SuDS in isolation, or where the Conventional and 
A vailable software SuDS designs are both conceptual, this is acceptable. It is not appropriate to 
consider the predicted costs of a conceptual design with those of detailed design. 
The case studies for this research are based on implemented projects it was felt that 
neither of these models would be useful. 
The target user group includes ALL professions involved in SuDS. This is an 
extensive list and includes technical and non-technical professions. Certain 
Target user group 
professions will have experience of economic analyses others will not. Therefore the 
model needs to be simple and require the minimum if any calculations from users. 
After evaluating a number of software packages! models it was felt that none of these could, 
for the following reasons be relied upon to give reasonable results for South Africa as: 
• The historical data required to calibrate the inputs is not available. 
• The models did not simultaneously consider both conventional systems and SuDS 
using the same approach, something that is vital for a "fair comparative study". 
• The studies did not consider EGS. 
• Certain models failed to account for the life cycles of the SuDS options (e.g. Lampe et 
at., 2005). 
The models therefore did not meet the requirements of the target user group. 
Lloyd N Fisher-leffes: Development of the Simple Economic Model (SEM) 











3. Method Statement 
The research went through three dist inct stages: knowledge bui lding; the development of a 
simple economic model that might be applied to a variety of sites within South Africa; and 
the application of thi s model to a number of sites, of different sizes and characteristics. 
3.1 Stage I: Knowledge building 
The knowledge building undertaken compri sed not only a traditional li terature review that 
looked at relevant literature on a number of interre lated topics, but also included completing a 
number of courses. 
The re lative lack of knowledge about SuDS in South Africa made it vi tal that credible 
external input was sough t. Attendance and completion of the courses li sted in Table 3-1 
fom1ed a vital part of knowledge building. Course 5 was especially useful as it provided 
insight into the international application of SuDS technologies and tested knowledge gained 
from the literature review against what a leading institution considers best practi ce. 
Table 3-1: Knowledge building Courses 
NumbC!r Course Institution 
I Sustainable Urban Systems University of Cape Town 
2 Integrated Urban Water Management University of Cape Town 
3 Developing Cities University of Cape Town 
4 Munieipal lnfrastructure Asset Management University of Cape Town 
5 
SUDS Online@ Abenay: Concepts & Design 
University of Abcnay, Scotland 
Principles 
6 SWM M & PCSWMM Computational Hydraulics International 
3.2 Stage 2: Development of the model 
To consider the economics of alternati\'e approaches to stonnwater drainage systems it was 
necessary to put together a model appropriate fo r South Africa that could consider the whole 
drainage system. The development of the model was a two-stage process as illustrated in 
Figure 3-1. Stage I encompassed the collection and assimi lat ion of all the data necessary to 
perfonn a li fe cycle costing analysis. The data was assimilated and written up as the ' Fact 
Sheets' that form Appendix F of the proposed South African SuDS Guidelines. Stage 2 
comprised the development of an Excel-based model capable of undertaking economic life 
cycle analyses. 
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3.2.1 Data collection 
In order to be able to undertake a complete analysis over the whole life cycle of a system or 
compare systems it was necessary to collect basic data including: 
• Capital costs; 
• Maintenance costs; 
• Maintenance frequencies; 
• Disposal costs; and 
• Expected Useful Lives. 
There is very limited expenence with respect to SuDS in South Africa, and the few 
organisations that do have experience appear to feel that divulging this information is 
potentially a threat to their organisation. By sharing institutional knowledge and experience, 
there is a risk of losing the organisation's competitive edge. 
A number of firms including: contractors, consultants, quantity surveyors, landscaping, 
nurseries and garden services were contacted in connection with typical rates for 
construction. Most were unable or unwilling to be of assistance. A number of builder's 
pricing manuals were identified, however these were out of date or later found to contain 
restrictions on distributing the data. Subsequently the Department of Local and Co-operative 
Governance's Municipal Infrastructure Grant (MIG) manuals were identified and found to 
contain detailed unit rates for a wide variety of tasks. Making use of the Contract Price 
Adjustment Formulae (CPAF) these prices were adjusted to October 2010. 
After considering the problem of identifying which sources' rates were most applicable, 
it was decided that by consistently using one source, the results overall would be reasonable. 
For this reason, the rates in the MIG manual were compared with those from all available 
sources, and unless deemed unreasonable, were used. Where they were deemed unreasonable 
the rates from the next most available and reliable source was used. 
The same problem applied to identifying typical maintenance rates. The City of Cape 
Town undertook a survey into the costs of maintenance for their systems. This was updated 
using CP AF and CPI where appropriate. Where information was a missing further source 
were sought and in some cases international literature was used. 
Identifying typical frequencies for maintenance tasks proved troublesome, and there is 
little evidence as to how the frequencies proposed in many manuals were determined. This is 
further complicated by the lack of experience with SuDS in South Africa. Lampe et al (2005) 
was identified as the most reliable source of maintenance frequencies for the following 
reasons: 
• It sought to determine maintenance requirements based on experience, not judgements 
or estimates; 
• It covered a wide variety of climates (both UK and USA); and 
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• It was developed through an illlcrnational project combining the experiences and 
knowledge of some o f the top drainage experts in the world. 
Surprisingly, Lampe el al (2005) fa il to identi fy the Expected Usefu l Lives (EUL) of the 
dirrerent technologies and simply compared all technologies over 50 years. While expert 
judgment may indicate many SuDS options could last this long, this is seldom the casco For 
th is rcason EU L's were identifi ed from a variety of sources as shown in Table 2-7. 
c 
0 ·c 1.1 Typica l 1.2 1.3 Typical ~ 1.4 Expected ~ construct ion Mailllenance maintenance - useful lives 0 
frequencies U rates rates 
~ -
--------
,j, ,j, ----~ <:> ..,. 1.5 Assim ilate data -
" 2.1 Rev iew availab le models 
- ~ " ----c ~ e 2.2 Life Cycle Costing modu le 2.3 DAC tool 2.3 R WHR tool c-
o 
" ~ ,j, ,j, ,j, ~ <:> 
" 2.4 Produce draft guidelines (Appendix D, E, F) '" 0 " ~ ~ 
'" 2.5 Received feedback and amended models 
'it 
I 2.6 Simple Economic Mode l I 
Figure 3-1: Oven'iew of the models development 
All of the above data was co llected and compiled into a number of fact sheets that form 
Append ix F of the proposed South African SuDS Guidelines. It is important to stress that the 
data presen ted in these ' fact sheets' is meant as a guide, and an initial starting point from 
which to begin. Where better data is avai lab le on a site or as experience grows in South 
Africa, the latest information should be used. 
3.2.2 Model Development 
The model that has been developed is tenned the Simple Econom ic Model (SEM). The 
developmental stages were as follows: 
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i) The weaknesses and omissions in the studies reviewed in the literature review were 
identified, specifically: 
a) The failure to account for Environmental Goods and Services on a fair and an 
equitable manner; 
b) The absence of capability to consider more than one SuDS option; and 
c) The failure to identify the Expected Useful Lives (EUL) of different technologies. 
ii) The SEM and background information was compiled and formed Appendices D, E, F 
of the proposed SA User Friendly Guidelines. These Guidelines were presented at a 
number of National workshops. During these workshops feedback was encouraged and 
received. The feedback was incorporated into the SEM. The national workshops were 
held in the following cities: 
a) City of Cape Town (10 March 2011); 
b) Johannesburg (23 March 2011); 
c) Tshwane (24 March 2011); 
d) George (16 May 2011); and 
e) eThekwini (25 May 2011). 
3.3 Stage 3: Application of the model 
The selection of case studies posed a significant problem. After a review of potential sites 
none were found to be ideal for an economic analysis. It was therefore decided to focus on 
demonstrating the potential capabilities of the SEM. The following examples were selected to 
test and to demonstrate the application of the Simple Economic Model, its components, and 
the proposed appropriate procedure for undertaking such studies. They also cover a range of 
situations (different scales) and motivate how the ecosystem goods and services were 
modelled. The following examples were selected to demonstrate the range of capabilities of 
the SEM.: 
i) Residential House: Rainwater Harvesting & Reuse 
a) Single SuDS option 
b) Rainwater Harvesting & Reuse tool, DAC tool - only considering WQv storm, 
excluding land value 
ii) Large paved public open space - Grand Parade 
a) Design Comparison, DAC tool- considering WQv storm, including land value 
iii) Commercial development - Mitchell's Plain District Hospital 
a) Multiple technologies/SuDS options, design comparison 
b) 'Cost' Treatment Train 
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4. Simple Economic Model 
4.1 Introduction 
4-1 
The wide range of environmental and economic conditions found in South Africa present 
specific challenges for the control and treatment of stormwater. To make informed decisions 
regarding the pros and cons of alternative designs for stormwater management requires a 
model that is able to compare SuDS designs with the conventional designs that have been the 
norm until now. The use of standard LCCA, for example, to compare a conventional design 
with a SuDS design is particularly problematic, as it does not account for the water quality 
and quantity management that SuDS offers. The risk of environmental degradation associated 
with conventional approaches to stormwater management has to be compared with the 
potential for water quality and quantity management offered by SuDS. To achieve this, a 
model that is unbiased, yet simple and accessible to all stakeholders in South Africa is 
needed. To this end, an Excel-based Simple Economic Model (SEM) was developed to 
address the weaknesses that were identified and attributed to the other available models. The 
SEM has four primary aims: 
i) To establish the life cycle costs of alternative drainage designs; 
ii) To account for the differences in environmental impacts on an 'equivalent and fair 
basis'; 
iii) To provide a simple method that may be applied to different sites within South Africa; 
and 
iv) To present results in a manner that is accessible and understandable to the stakeholders, 
ensuring that all stakeholders have an understanding of what they are responsible for, 
and how much it may cost over the life cycle. 
The SEM offers a tool for undertaking LCCA, thereby encouraging all involved with the 
provision of services to consider the whole life cycle of infrastructure. 
4.1.1 Composition of the model 
The model is, at its most basic, a Life Cycle Costing model that allows for the entry of data 
relating to EGS. The SEM further includes a tool to estimate the value of EGS using the 
Substitute Cost Method. This tool has been termed the DAC. 
Due to a lack of local data and the large variation of social, economic and 
environmental factors across South Africa, the model contains assumptions relating to costs 
and maintenance frequencies. These assumptions are not inputted into the Excel based model 
but instead 'Fact Sheets' are supplied that may be used as guidance, or a starting point. 
Where accurate local data is available this should be used in place of the 'Fact Sheets'. 
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4.1.2 Accounting for Environmental Goods & Services 
The ability to account for EGS is the most significant feature of the SEM as it allows for 
SuDS and Conventional Stormwater Management Systems to be fairly compared. The DAC 
tool provides a quick, conceptual estimate of the EGS on a regional basis. This tool applies 
the 'Substitute Cost Principle' in valuing the EGS in the form of the quantity management 
and quality treatment supplied by SuDS system. The assumption is made that conventional 
systems externalize the equivalent value, in the form of EGS, onto the environment at large. 
The value of the goods and services supplied by SuDS is calculated by considering the cost of 
acquiring and managing a virtual treatment facility that would produce equivalent quality 
treatment and quantity management of stormwater. 
4.1.3 Conclusion 
Utilizing the Simple Economic Model requires minimal understanding of economics or of 
engineering. The graphic presentation of results makes it accessible to wide range of 
stakeholders. As reliable local data is collected and recorded, the model can be updated to 
include a database. In the interim 'Fact Sheets' offering guidance have been supplied. 
4.2 Aims of the Simple Economic Model (SEM) 
The Simple Economic Model (SEM) was developed to address the weaknesses and omissions 
identified during review of the available models for undertaking economic analyses. The 
SEM has four primary aims: 
i) To establish the life cycle costs of alternative drainage designs; 
ii) To account for the differences in environmental impacts on an 'equivalent and fair 
basis'; 
iii) To provide a simple method that may be applied to different sites within South Africa; 
and 
iv) To present results in a manner that is accessible and understandable to the stakeholders, 
ensuring that all stakeholders have an understanding of what they are responsible for, 
and how much it may cost over the life cycle. 
Table 4-1 highlights 'requirements' for the SEM that need to be met for the 'aims' to be 
successfully achieved. These requirements are based on the outputs of the literature that 
identified potential requirements of such a model. 
The four aims above are very broad. As already stated, the SEM presented above is not 
entirely new. In essence, it is a Life Cycle Model which has been integrated with two tools 
(DAC tool and Rainwater harvesting and reuse tool) for calculating the value of 
Environmental Goods and Services. What is important is how the model is applied. 
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Table 4-1: Aims of the Simple Economic Model 
Aim Requ irements 
Ca lculate Lee for SuDS and Conventional Systems using the same approach making 
allowance for the differences in each system. Additionally allow the model 10 cons ider 
designs that incorporate both SuDS and Conventional design aspects, so called 
Establish the life 'transitional systems. 
cycle costs of Allow for the aggregation and disaggregation ofresuits, in line with SuDS princ iples 
alternative drainage i.e. for each level of the treatment train. 
designs. Al low for the entering of different maintenance scenarios, and sensitivity analys is using 
the different scenarios. 
Allow for sensit ivity analysis by varying the discount rate (impacts on EGS when using 
the subst itute cost method). 
Account ror the Provide a method ror estimating the value or Environmental Goods & Services that may 
differences in be used throughout South A rrica. 
environmental 
Account ror the different lire cycles or different drainage technologies. 
impacts on an 
'equivalent and fair Al low for including additional benefits/costs for example appreciation of property 
basis. ' va lues. 
Provide a simple Provide a mode l that is user friendly. and could be used by stakeholders with d iffe rent 
method that may be competencies 
applied to different Provide all basic data (costs. maintenance rrequencies etc.) to allow users to be able to 
si tes within South conduct quick analyses. 
Arrica. Provide a model that may be used on projects or different scales. 
Present results in a Allow for the aggregation and disaggregation or costing data, in line wi th SuDS 
manner that is principles to allow users al different scales to identify the costs att ributable to them. 
accessible and 
understandable to the Present results in both detailed tables and simplified but accessible graphics. 
stakeholders. May be used in the design or management or SuDS. 
4.3 Approach to Comparative studies 
In essence, a Life Cycle Model has been integrated with a tool (DAC tool) fo r calculating the 
value of Environmen tal Goods and Services. What is important is how the model is app lied. 
This sect ion presents the approach that should be undertaken in conjunction with the SEM to 
conduct a comparat ive study on the economics of different drainage systems. 
4.3.1 Introduction 
A life cycle cost ing ana lysis (LCCA) is an appropriate analys is for considering and I or 
comparing the costs of stonnwater systems. LCCA are used internationall y to consider all 
expenditure over the system's life cycle. It ensures that all stakeholders have a conceptual 
understanding of their total commitments. It is importan t to recognize that there are a number 
of non·monetary benefits to SuDS as is discussed in Section 4.4.5. These may be accounted 
for in the SEM using the Damage A voidance Cost too l detailed in Section 4.7 , o r any other 
appropriate method. 
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The SEM is based on macro-enabled Excel spreadsheets that can consider more than twelve 
SuDS options or conventional technologies. For each technology the SEM considers the 
following: 
• the total capital cost per technology / component including establishment costs for up to 
the first three years; 
• the inspection costs; and 
• routine maintenance costs, irregular and corrective maintenance costs. 
In line with Lampe et al. (2005), the study that was used to estimate the frequency of 
different tasks due to the lack of local data, it is possible to enter data for three different 
maintenance scenarios. Additionally, and critically in the case of conventional systems, the 
value of Environmental Goods and Services (EGS) are accounted for through using a 
'Damage Avoidance Cost (DAC)' tool. The DAC tool is an estimate of the minimum cost of 
treating the stormwater discharge to the receiving waters to a level equivalent to that provided 
by SuDS through the device of a virtual stormwater treatment works. The treatment works 
does not exist, it is merely a means to estimate the value of EGS expected from the receiving 
waters. 
The SEM can analyse stormwater management systems over any period up to a 
maximum of 100 years, although shorter analysis periods are generally more appropriate. The 
program ensures that the maintenance schedule is 'reset' when a technology/component is 
replaced. With the aid of this SEM it is possible to quickly and fairly complete a comparative 
analysis of two very different drainage systems. The output of the SEM is a number of user-
friendly comparative charts and tables. 
4.3.2 Computational stages in the SEM 
The model has three distinct computational stages as indicated in Figure 4-1. The model may 
be applied in a number of ways: 
• To compare a SuDS and a conventional design; 
• To compare two SuDS designs (in which case Step 2a may be omitted); and 
• To consider the costs and benefits of a single SuDS design (in which case Step 2b may 
also be omitted resulting in a standard LCCA). 
4.3.3 Stage 1 - Life Cycle Cost appraisal: 
A design for the site is developed. All costs over a common life cycle are reduced to their 
present value. The life cycle analysis considers different maintenance regimes, i.e. High, 
Medium and Low maintenance for both SuDS and conventional designs, as different 
maintenance regimes may result in different outcomes. The Fact Sheets may be used to 
estimate these outcomes. It is important to recognize that different drainage systems cannot 
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be compared at component level. A green roof cannot for example be directly compared with 
a conduit that would convey an equivalent roofs runoff to the municipal storm sewer as the 
value of the municipal storm sewer would also need to be considered. Proposals need to be 
considered as whole systems where possible and not as individual components. 
Stage la: Capital 
K (Design, construction and establishment) Stage 1: Life Cycle Cost Appraisal Stage 1 b: Operations & Maintenance 
(O&M) 
Stage 2a: Damage A voidance Cost 
(Accounts for quantity and quality management. 
Stage 2: Environmental & Amenity 
~ 
For systems which fail to account for quantity 
Appraisal and quality management. e.g. Conventional 
systems) 
Stage 3: Results & Comparison of Stage 2b: Account for amenity benefits (e.g. 
Systems Increased land value, recreational opportunities 
Figure 4-1: Computational stages in the SEM 
4.3.4 Stage 2 - Environmental & amenity appraisal: 
Where Stage 1 provides LCCAs of the monetary aspects, Stage 2 considers the non-monetary 
aspects. For comparison with conventional systems the EGS supplied by SuDS, but not 
conventional systems, need to be considered. The EGS are valued using the DAC tool. The 
DAC tool calculates an annual environmental cost to substitute for the fact that the 
environment is continuously treating and managing runoff from conventional systems. The 
SEM then reduces the costs to their present value. One shortcoming is that SuDS cater for 
water quality, quantity and amenity whilst the DAC tool only considers water quality and 
quantity. Where local data is available for the valuation of the amenity this can be entered 
into the model. All systems are now being considered on a reasonably 'fair and equivalent 
basis'. 
4.3.5 Stage 3 - Results and comparison of systems: 
The process outlined in Figure 4-1 should be completed for each proposed design, ensuring 
that all designs are developed to manage the same design storm. The SEM aims to compare 
the systems in a transparent manner and thus the different cost elements are presented 
separately, as indicated in Table 4-2. This also allows for a comparison of the two systems 
from a number of different perspectives viz. the capital costs that are of particular interest for 
developers, the environmental costs that are of particular interest for environmentalists and 
the maintenance costs that are of particular interest for the property owners. Sensitivity 
analyses may also be undertaken, for example by varying the discount rate and/or level of 
maintenance. 
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Table 4-2: Comparing a SuDS system with a conventional system 
Stage hem Proposal I (e.g. SuDS) 
Proposal 2 (e.g. 
Convent ional) 
A Capital Costs RXXXX,XX RXXXX.XX 
B O&M (PV) R XXXX.XX RXXXX,XX 
Sub Tota l I R XXXX,XX RXXXX,XX 
Quantity & Quality 
R 0,00 (meets sel criteria therefore no 
management (Damage 
extemalized environmental costs) 
R XXXX ,XX 
Avoidance Cost) (PV) 
A 
2 
Amenity (local ! site 
R XXXX,XX R XXXX.XX 
specific dala) (PV) 
b 
Tota l "Cos t" (PV) RXXXX,XX RXXXX.XX 
When considering results it is important to recognize that: "the question ;s flat whether 
slormw(lfer management jysfem maintenance ;s necessmy in a community. Ralher, rhe 
question is how a community's maintenance programs will be budgeted, staffed, and 
administered, and who has responsibility for managing inspections, scheduling periodic 
required maintenance, andfimding remedial work (Haubner el al. 200 1)." 
To cons ider s imply the sub-totals and total s is not acceptable. It is vital to identi fy and 
to consider: 
• Who will be responsible? 
• Who will pay? 
• That savings are not made on capital expenditure resulting 111 hjgher long teml 
maintenance burdens. 
• Whether the design considers the whole li fe cycle? 
Table 4-2 is useful in identifying where the largest burden lies i.e. whether it is 
environmental , maintenance or capital expenditure. It does not identify who is responsible fo r 
paying for capital and maintenance costs. It would therefore be possible to present a plan that 
trans ferred the burden of costs over the li fe cycle onto the municipa lity. In order to ensure 
that thi s cannot be unknowi ngly done, the SuDS 'Costs' Treatment Train was assembled as 
shown in Figure 4-2. By viewing the results using the SuDS 'Costs' Treatment Train it is 
clear who pays, and indirect ly who is responsible for what amount of maintenance. It also 
makes it clear whether the burden has been unfai rl y cast at one leve l. 
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Figure 4-2: SuDS 'Cost' T rea tment Train 
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4.4 Modelling Assumptions 
To model two very different systems in a fair and transparent manner, a number of aspects 
need to be defined and assumptions need to be made. To ensure transparency, fairness and 
the integrity of the model these assumptions and the motivation behind the assumptions are 
discussed in this section. 
4.4.1 Definition of an 'economic' model 
An economic model implies a model capable of considering all monetary and non-monetary 
costs and benefits. Clearly, it would not be possible to develop a model that would consider 
all the non-monetary costs for any site in South Africa. New developments, and many 
redevelopments fall under NEMA (2006) which requires and environmental impact study to 
be undertaken. Thus many social, environmental and economic factors are considered, 
although not necessarily quantified. 
Studies such as de Wit et al. (2009) have gone to great lengths to assess the value of the 
natural capital and ecosystem goods and services. Studies such as this consider many 
different aspects not related to storm water management. 
It is also important to clarify the difference between Natural Assets and Ecosystem 
Goods and Services. de Wit et al. (2009) states: "Natural assets are the stocks of 
environmental resources .... Ecosystem goods and services are the flows of benefits derived 
from these assets". Ecosystem goods and services could therefore be considered equivalent to 
interest on invested capital. Thus the fewer assets you have the less interest earned 
(ecosystem goods and services received). This study is not directly concerned with the natural 
capital balance of a project. The model assumes that the designer ensures that runoff entering 
into the urban watercourses is of such a standard that it does not degrade the ecosystem. In so 
doing the designer must select into which capital account he/she wishes to invest. In essence 
the designer is allowed to decide whether he wishes to make use of technological solutions 
thereby investing in Manufactured Capital; or whether he wishes to make use of SuDS, 
thereby investing in Natural Capital. Essentially the model indirectly allows the user to 
consider alternative "investment" solutions. 
4.4.2 Need for quality and quantity treatment 
In a country that is water scarce, the arguments in support of stormwater treatment are 
indisputable as discussed below: 
i) In a country such as South Africa that is water scare, water should be considered a 
resource. The literature review shows that there is potential for accessing groundwater 
resources and for utilizing untreated runoff for secondary systems such as flushing 
toilets etc. This potential resource will be lost if the runoff is too polluted or the 
aquifers are not replenished. 
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ii) Natural resources and the goods and services they supply are valuab le to society - even 
if th is value is seldom recognized or appreciated. Polluted and unmanaged stonnwater 
has the potential to decrease the value of these resources. These assets support many 
industries including fi sheries and tourism, while also providing society with 
recreat ional areas. Failure to manage storm water effect ively will lead to the continued 
degradat ion of these resources. A point will be reached where in many cases the 
environment is unab le to offer these goods and services. Studies that considered the 
economic effect of the failure of systems found it to be signi ficant. 
ii i) As natural treatment faci lities such as wetl ands degrade, less and less runoff is 
adequately treated. The li terature review highl ighted that many urban rivers are 
polluted, a common problem throughout South Africa, which may be part ia ll y 
attributed to stormwater quali ty and has potential public health impacts. 
Throughout South Africa, there is an ethical respo nsibility to acknowledge that many services 
with respect to stonnwater are currently externalized onto the environment. With the 
potential impacts on many sectors of the economy, it is considered reasonable to require 
treatment for stormwater. The li terature rev iew also highlighted the legal li abili ty of the 
pollute r to pay for any pollution. If stormwater treatment is not prov ided, the environment is 
suscept ible to degradation. It is therefore vital that stonnwater be treated from both a quantity 
and a quality perspect ive and that these costs are bome by the polluter and not society at 
large. 
4.4.3 Design parameters 
For the purpose of this modeJ, it is assumed that both SuDS and conventional designs will be 
based on the principles set out in Table 4-3. This will ensure that the designs are comparab le. 
Table 4-4 detail s specific min imum cri teria that each design must meet. These criteria 
are based on the CoCT's Management of Urban Stonnwater Impact's policy 2009 (CSRM, 
2009). These parameters are ach ievable using both SuDS and conventional treatment systems 
and thus allow a fair comparison to be made. 
Parameter 
Design Storm 
2 Quantity Management 
3 Quality Management 
4 Damage A voidance Cost 
5 Life Cycle Period 
Table 4-3: Minimum Design Parameters 
Dtscriplion 
Designs to be based on the same recurrence interval storm . 
Meet the criteria set in the City of Cape Town ' s "Management of Urban 
Stormwater Impacts" policy document (CSRM, 2009). 
Meet the criteria set in the City of Cape Town 's "Management of Urban 
Storm water Impacts" policy document (CSRM. 2009). 
Where either design fails to meet any of the above. 
The life cycle analysis will be conducted over the period for which both 
designs' Life Cycles have the lowest denominator. 
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Table 4-4: City of Cape Town Stormwater Management Policy criteria (CSRM, 2009) 
Objectives 
Quantity Control 







4.4.4 Discou nt Rate 
Modelling Parameters 




The SEM has been set up to allow the lIser to vary the discount rate to be appropri ate for the 
specific project and for sensitivity analyses. 
4.4.5 Accounting for Ecosystem Goods and Services 
The valuat ion of EGS is the most significant fea ture of the SEM as it allows for SuDS and 
conventional stonnwater management systems (0 be fa irly compared. In order to va lue EGS 
the Damage A voidance Cost (DAC) too l was developed. The DAC tool provides a quick, 
conceptual estimate of the EGS. This tool applies the 'Substitute Cost Principle' for val ui ng 
the EGS in the fo rnl of the quantity management and quality treatment supplied by SuDS 
system. The assumption is then made that conven tiona l systems ex ternali ze the equivalent 
value, in the form of EGS, onto the environment at large. The value of the goods and services 
supplied by SuDS is calculated by considering the cost of acquiring and managing a virtual 
treatment fac ili ty that would produce equivalent water quality treatment and quantity 
management. Typical treatment objectives considered ach ievable by the City of Cape Town 
(2009) for SuDS are presented in Table 4 4. The DAC is discussed in detail in Section 4.7. 
A common cri ticism of the replacement/substitute cost method is that it over estimates 
the value of EGS. In certain cases, this may we ll be true. While it is possible to show that the 
resource/cost could be 'valued as less', this is somet imes ' proved ' by ignoring certain goods 
or services. This section highlights two such examples, and motivates the appropriateness o f 
this method fo r this model. 
Pagiola et a/. (2004) highlights a case stud y where New York City investigated the 
costs of the va lue of replacing the ecosystem services with respect to water quality. This 
investigation considered the use of a filtration plant to treat the water. The City found these 
costs to be "expensive". "To avoid incurring this cost, the City emb(Irked on an alternati\le 
approach: instead of paying to clean up the results of degrading the water producing 
environment, the City invested in preserving the rural Catskill environment that was 
providing i/ wilh the wor/d's best urban water (Pagio la ef al. , 2004)." This second approach 
resulted in a much lower cost as indicated in Figure 4-3. 
Pagiola el al. (2004) concludes by stating: "This example also iIIus/rates the perils of the 
replacement cost technique. Clearly. the filtering was no/ the least-cost sollllion to fhe 
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problem! Using il to value the filtration services provided by the watershed would have been 
a massive over-estimate." Financially thi s may be true, but Pagiola el af. (2004), have failed 
to consider the value of the goods and serv ices provided by the envi ronment. Pagiola ef 01. 
(2004) acknowledge that should the environmental serv ices have been lost, the City would 
have had li tt le choice but to implement the filtrati on option. Instead , the City made a 
paradigm shift, recognizing the value of and investing in the envi ronment, thereby 
maintaining the natural capital and assoc iated goods and services. This ensured that the 
environment could continue offering these services at no financial cost to the c ity. Provision 
of services without financial outlay does not equate to valueless services. The paradigm shift 
was infonned by recognizing what investments would be needed to take a 
conventional/ techn ical approach. The conclusion regarding " the peril s" of the rep lacement 
cost method is based on a financ ial appraisal and not an economic appra isa l. 
o 








rsI Low estimate 
D High estimate 
Figure 4·3: Cos ts of Alternative st rategies to meet New York City water quali ty 
requirements (Pagiola et al., 2004) 
De Wil el 01. (2009) highlight a study by Turpie (200 1) thai estimated the value of the 
Zandvlei wet lands. It was based on three replacement cost estimates: 
• "Estimation of the cost 0/ constructing an artificial wetland 
• Estimation o/the cost o/providing the same level of water qualify enhancement using a 
treatment plant 
• Estimation of the cost of providing for the identified flood storage copacity only, i.e. the 
construction of a detention pond pro\'idingjlood storage" 
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For Zandvlei the replacement cost for water quali ty treatment was estimated at a total of 
RI80 mi ll ion (R1 5 mi ll ion annually) and the replacement cost of flood storage capacity at 
R24 million (R2 mill ion annually). This cannot be a true reflection of the cost as the system 
provides both quantity and quality treatment In determining the value of the cost of replacing 
both the quan tity and the qua lity has to be considered , a tota l cost of R204 million. 
R204 million is a signi ficant amount for a single wetland. but as De \vit el a/ (2009) 
state "Several of these services may save cities significant amowlIs in terms of infraslruclUral 
costs which they would have had to inclir if /he nalural systems were nol present (de Wit eJ 
al.,2009)," 
The values arc large, espec iall y in respect of resources vita l to soc iety; there is therefore 
a need to consider the context of the results before di smissing them. Pagiola et 01. (2004) 
suggest that the results be submitted to the sanity check that considers whether "the results 
are consistelll with other results? Are Ihey reasonable in light of the colllexl? Extraordinary 
resulls {Ire nol necessarily wrong, bw mllst be carefully checked. ExlraordinGlY resulls 
require eXlraordinmy proof(Pagiola et 01., 2004)." Most important is the acknowledgement 
that "Extraordinary resliits are nol necessarily wrong ... ". It is di singenuous to make 
comparisons on an ' uneven playing fie ld '. Purely fi nancial appraisals may not lead to 
accurate conclusions. 
The Replacement Cost Method is reasonable in this context. It meets the accepted 
"requirements' for use as di scussed above. The common cri ticism of the method, its 
perceived potential to overestimate the value of a resource, wou ld be unfounded and 
management capabilities of such systems without accounting for the cost of the increased 
floods and the associated damage and health impacts of these floods. Il would be fair to 
expect these costs to be a lot higher than simply managing the floods before they cause 
damage. 
The method is also seen as appropriate for such situations "open space and catchment 
managers could use this methodology to compare the annual management and operation 
costs lIIith the replacement cosl and value of these systems. Furthermore, this type of data 
could be used to motivate fo r resources 1o ensure Ihal future engineering sollilions will nol be 
required to replace degraded nlllural systems 110 longer able (0 provide the required services 
10 Ihe cocr' (Smi' & Wiseman, 2002), 
4,5 Model Structure 
It is important that the design process and the se lection ofaltemative storm water strategies be 
done in a fa ir manner. Section 4.3 lays out the procedure to undertake such an analysis using 
a 'S imple Economic Model' (SEM), 
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The Simple Economic Model (SEM) comprises in excess o f 30 spreadsheets. It is des igned to 
undertake calculat ions based on user inputs. Due to the lack of local expertise within this 
fie ld, it was not seen to be appropriate to develop a model with data al ready built in. Rather, a 
set of ' Fact Sheets' were developed and are included as Appendices 0 - F. These appendices 
were released for review as part of the development of proposed guidelines fo r SuDS in 
South Africa. These appendices were developed to supp ly all the data required to utilize the 
SEM for both SuDS and conventional systems where local data and experti se were lacking. 
4.5.2 ' Fact Sheets' 
Each fact sheet included contains a summary o f the infonnation required to conduct a 
preliminary ' life cycle costing' analysis for a sto rm water drai nage design using the SEM . The 
Facl Sheets serve as guidelines for the costs associated wi th di fferent technologies, however 
sile speci fic considerations need to be considered. An Example of a " Fact Sheet" is shown in 
Figure 4-4. 
Ins cction Frequen cies Irregu lar & corrective Maintenance Frequencies 
, .. ____ .... _ ,,,,u"*'-,,,:--_ ._-_ ... _--=;--- 1: .... - ... - .. r-_ -- ~:2t . . "' "-~- 1';':- i''':."";- . ... . 
t ==-.:..~..:::;=::: .... ..._ ...... __ _._---. - - ::.:::""-.--.~ --="--.--.. -- _ ... ~ . -.---~- , ..... _ ........ . .... _ ... _ ... -... -_ . 
... _._-----•. 1"' .... ----.. 
~
- ....... _. __ .... .,.... -----_ .... 
::"_---_.- :'.':,':""'=..-::':"-:"''':':: ........ _"._-_ ..... _--._ ... - -  .. _
..-" ...... _---.... "' ..... -.... .. -... -----.. ---.. ... ~,- ,_ ..... _--,j,--_ .. - ---
, ..... ,--- - .- .. .~. ~ - -- ~ 
, ... _ ,-- ... --.:::. 'L.' -""'- .. ' , -. '.u , __ ........ ' .... 
• .>.1 __ _ . _._ .. __ ...... ..  .. _-_ .. -._ ... ,--- "'----_ .. _--.. ... _ . .. _ ' .11 
-.- --~ .. --7 
I 
... 1111 .... _._ .... .. .... _----- ._---_ .. ".,-_.-... ....... _--
'''' '' '''---- - ---- ~ .. 
Routine Maintenance Frequencies 
, ................ -"'_ .. _ .. _ .. ..... -_ ... ,...-_ ... -...  .... -.. _ ... ... .... __ __ ..  -"'---_ .... _ ... .. .. .. _._ .. _-_-... 
-"-"'-- ' :!!..-::.:-_ AC 
~ -~'!""'- .... --.-._-_ .... -- _ .... _- I ~ _  ..... _ "'r. ._."" 
-.---~ ...... 
__ .... _4 .. _ 
- '_."-"'" _4 • ..-___ _ _ .. - ..... _-,-.,,--_ .. _ .. ---
-- ... ---'---------
- . .--. --,
Typical Rates for 
Construction & 
Maintenan ce 
Expected Useful Life 
of Asset .. __ .... _._,--_ .. - .... ,. 
Figure 4·4: Sample ' Fact Sheet ' 
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The inforn1alion contained in each of these sections is shown in Figure 4-4. Conventional 
storJnwater drainage systems are included as components of conventional systems are often 
used as pan of a SuDS system. Additionall y. it is important to objectively compare the costs 
cfeach system ~SllDS vs. conventional systems. For this purpose a section detailing the costs 
relati ng to conventional systems has been included. Table 4-5 li sts the avai lab le fac t sheets 
corresponding to the twelve primary SuDS options included in the main text of the 
guidelines. 
4.5.2.1 Summary of capital costs 
The ' capi tal costs' section in the faci sheets details problems that have been experienced in 
implementing specific SuDS options and the impact on their capital costs. Typical uni t rates 
for construction are also presented. 
Table 4-5: Facl sheets SuDS options 
Fact sheelS SuDS assnsed 
Conventional design Inlets, outlets elc. 
Rainwater harvesting Rainwater harvesting 
Infiltration trenches I soakaways 
Infiltration Trenches I Soakaways 
Filler trenches 
Green roofs Green roofs 
Bio· retention Bio·retention 
Grass swale Swales (dry, wet, enhanced) 
Pemleable pavements Permeable pavements 
Buffer strips 
Buffer & filter strips 
Filter strip 
Dry stonnwater ponds Detention ponds (dry, enhanced) 
Wetlands & wet Ponds 
Wetlands 
Wet ponds 
4.5.2.2 Summary of maintenance costs 
The inspections, rout ine maintenance and corrective maintenance frequencies have been 
presented in the fact sheets are largely based on work done by Lampe el al (2005). The 
results are presented for the USA and UK separately, and are based on the USA format. It is 
worth noting that this study is ava ilable on the WERF website along with a set of MS Excel 
costing tools as noted in the Literature review. These frequencies reflect typical frequencies 
for indiv idual SuDS. In reality, frequencies and associated costs wi ll be dependent on a 
number of factors including land use, climate, treatment train, component des ign etc. In 
add ition, typical 'routine and correcti ve maintenance ' costs are presented. These have been 
sourced from builders prici ng guides, discussions with members of industry, the CoCT and a 
range of recent tenders from across South Africa. 
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4.5.2.3 Predicted life cycle costs 
Lampe et al (2005) failed to identify potential life cycles for individual SuDS - rather leaving 
this to be assessed individually. The Fact Sheets presents a number of Life Cycles as sourced 
from international literature. These should be applied after due consideration of the variations 
between local conditions and those found in the country of origin. Explanations of possible 
maintenance activities for each SuDS option are included in the Draft SuDS guidelines and 
were not included in these 'Fact Sheets'. 
4.5.2.4 Typical rates 
The typical rates for capital costs presented in the fact sheets are estimates that are based on 
DoCGTA (2010) and recent tenders. These were checked against industry pricing manuals. 
It was decided that the Municipal Infrastructure Grant guidelines (DoCGTA, 2010) should 
guide the typical rates, as they are based on extensive research and stakeholder input. All 
rates exclude VAT, P&G's, and consulting/design fees. The typical rates presented for 
operations and maintenance has been collected from the municipality and firms within the 
City of Cape Town. It is important to recognize that these rates are an indication. Where more 
detailed information is available, it should be utilized. Identifying typical unit rates for 
landscaping is specifically difficult, as the contractors individually determine their rates. 
Additionally, the cost of vegetation varies significantly. Grass is a prime example. Buffalo 
grass cost more than R50 per square meter in 2010, whereas Kikuyu grass was typically less 
than half the cost at R20 a square meter. For swales and buffer strips, this could have major 
cost implications as grassing is a significant cost factor. 
4.5.3 Recharge Maps 
Currently the only authorities that require ground water recharge to be designed as part of a 
SuDS/LID/BMP design are in the USA - Maryland and Massachusetts (Stormwater Centre, 
2011). These two authorities base their assumptions as to how much should be infiltrated on 
the SCS soil groups. There is insufficient research to verify the results locally. Therefore two 
approaches have been taken to offer guidance. The first is to assume that the USA soil 
classifications are comparable to the RSA SCS soil groups. The second makes use of DW A 
data relating to the recharge and runoff of Quaternary catchments. 
4.5.3.1 USA SCS Soil Groups 
The "recharge factor (S) is based on the USDA (SCS) average annual recharge volume per 
soil type divided by the annual rainfall and multiplied by 90%. This keeps the recharge 
calculation in line with the WQv calculation methodology" (Maryland, 2000). 
As South Africa has a wide variety of climates, the recharge factors are given for a 
range of different Mean Annual Precipitation's (MAP) in Table 4-6. The accuracy and 
appropriateness of Table 4-6 for South Africa is unknown due to the slight variations in soil 
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classification used in the South African SCS model. The Recharge M 
developed from data supplied by the Department of Water Affai rs to p 
aps (Figure 4-5) were 
rov ide guidance based 
on local data. 
Table 4-6: Recharge Factors (S) based on USDA (SCS) c lass ifica lions 
r different MAP 
600 700 
Hydrologic 
Ave rage Annual Soil Spetifk Rttharge raclors (S) ro 
Recharge 
Soil G roup 
Volume (mm/yr.) tOO 200 300 400 500 
A-Sandy 457 I 0.82 0.69 0.59 
B-Silty 304 0 .68 0.55 0.46 0.39 
C-Clayey 152 I 0.68 0.46 0.34 0.27 0.23 0.2 
D-Clayey 76 0.68 0. 34 0.23 0.17 0. 14 0. 11 0 . 1 
4.5.3.2 South Africa Q uaterna ry Catchments 
quaternary catchment In this case S is based on the average annual recharge vo lume per 
divided by the mean annual precipitation per quaternary catchment an 
The Average Potential Dry Recharge (APDR) was divided by the Mea 
(MA P) and multiplied by 0.9. This keeps the recharge calculation I 
calculat ion methodology and wi th the method used by Mary land. The 
"is the most reliable and does not include what amount that can be 10 
storage as this should remain as an aquifer reserve" (Van Wyk, 2010). 
and there are potentiall y errors in it, and should therefore onl y be 
'Recharge Maps' provide the recharge factor as a percentage, as shovm 
d multiplied by 90%. 
n Annual Precipitat ion 
n line with the WQv 
APDR was used as it 
ken fro m the aquifer's 
The data is old (2005) 
used as a guide. The 
in Figure 4 5. 
4.5.3.3 Calcula ting the recharge vo lume 
The recharge volume may be ca lculated by hand by using Equation 2. 
RE ~WQ xS , " (2) 
where: REv = Recharge Volume; WQv = Water Quali ty Volume; S = R echarge Factor. 
kes thi s calculation, it 
would be speci fi ed by 
For the purposes of the Damage A voidance Cost tool, the tool underta 
is only necessary to specify the Recharge Factor (S) and WQv which 
the local authority or be the vo lume of water managed for water qu ality treatment by the 
SuDS system. 
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Recharge potent ia l as % of MAP 
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City of Tshwane 
4- 17 
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Figure 4-5: Recharge Maps for Major South African Cities (After DWEA, 20 10) 
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4.5.4 Land Value Indicato rs 
Where land is not available for use as a treatment facility, it may be appropriate to include the 
val ue of the land in an analysis of the DAC. In such a case, it would be necessary to identify 
the costs of undeveloped land in an equivalent area. To provide guidance as to the value of 
undeveloped land, the City of Cape Town's 2000 property valuation roll was analysed. The 
2000 roll was the most recent valuation role released and a property value index was used to 
adjust the 2000 prices to 2010 values. The Index shown in Figure 4-6, and Table 4-7, was 
developed from data supplied by Light Stone (201 1). Various sources claimed to have data 
on the property trends for the C ity of Cape Town. Light Stone's data was considered to be the 
most accurate due to the approach taken, which considers property re·sales. In other words it 
does not consider average properties, but the change in value of the same property, however 
none were better justified than Light Stone's data hence their data was used to develop the 
Index. 









Table 4· 7: Description of property value bands (Light Stone, 2009) 
Descri lion 
Where the average value ofa properties within an Enumerator Area is valued at less than 
R250,000. 
Where the average value ofa properties within an Enumerator Area is valued between 
R250,OOO to R700,OOO. 
Where the average value ora properties within an Enumerator Area is valued between 
R700,OOO to R I ,500,000. 
Where the average value ofa properties within an Enumerator Area is va lued at more than 
R I ,500,000. 
Figure 4-6 graphically represents the results of the index. It is evident that the different 
sectors, as described in Table 4·7, have seen different amounts of growth in value and 
consequently the index is averaged. This means that for some properties, it will overest imate 
the va lue and for others it will underestimate the value. On an aggregated basis, the results 
should be reasonable. It must be noted that thi s Index was developed from residential 
property market trends and therefore its application to non·res idential properties and 
undeve loped land may result in error. The assumpt ion is that prices wi ll fluctuate in 
accordance with trends. The purpose of thi s section is to give an indicat ion of the value of 
undeveloped properties. For detailed analysis it would be necessary to identify the value of 
undeveloped land in close proximity to the site in question. 
The City o f Cape Town 's property valuation ro le was considered based on the different 
drai nage catchments, as stonnwater treated on a regional basis, would come from a range of 
developments. Based on the land value results for different drainage catchments, the values in 
Table 4·8 are proposed as guidelines to the value of undeveloped land as at October 2010. It 
will be necessary to calculate these values locally. The approach used above could be 
repeated. 
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Figure 4-6: Shows the changes in the property market for the since 2000 
Table 4-8: Land va lue for different income areas - Cape Town, 20 I 0 
Land Use 
CBD - Commercia l 1.550 
High income catchments 2,230 
Middle income catchmCniS 1.260 
Low income catchments 740 
4.5.5 General SEM Structure 
The stmcture o f the S imple Econo mic Model is detai led in Figure 4-7. The SEM is compri sed 
of the fo llowing four components: 
i) SuDS single component ; 
ii) SuDS full system; 
iii) Conventio nal fu ll system ; and 
iv) Damage Avoidance COSI. 
The components shown in Figure 4-7 together foml (he SEM and comprise of multip le 
individual spreadsheets, as illustrated in Figure 4-7. 
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4.5.5.1 SuDS Single Component 
This Spreadsheet allows a user to consider a single technology and consider the costs and 
benefits over a life cycle. 
4.5.5.2 SuDS Full System 
The SuDS Full System comprises 12 individual spreadsheets that analyse individual SuDS 
options over a user specified analysis period. The analysis includes the ability to account for 
EGS costs or benefits associated with the specific SuDS. The User is able to specify whether 
each SuDS option is at Source, Local or Regional scale. Results are then available at each 
scale. The ability to view the costs at different scales is vital as different stakeholders have 
different interests. This is neatly summarized in the SuDS 'Cost' Treatment Train, as shown 
in Figure 4-2. 
4.5.5.3 Conventional Full System 
The Conventional Full System comprises a single spread sheet capable of considering up to 
ten different technologies. 
4.5.5.4 Damage Avoidance Cost 
The Damage avoidance cost sub-module comprises four spreadsheets. 
i) Spreadsheet 1 conducts a Life Cycle analysis as per the SuDS / Conventional system 
analyses; 
ii) Spreadsheets 2 is used to route the runoff for the Water Quality volume storm (WQv); 
iii) Spreadsheets 3 is used to route the runoff for Quantity Control volume storm (QCv); 
and 
iv) Spreadsheet 4 is used to set the design parameters for the analysis. 
4.6 Structure of Economic Life Cycle Costing spreadsheet 
The following section supplies a brief overview of the structure of the individual spreadsheets 
used to analyse technologies over a specified period. It is detailed in Figure 4-8 and the 
spreadsheet is designed around five modules: 
i) LCCA sub module 
ii) Irregular maintenance and replacement scheduler sub module 
iii) EGS sub module 
iv) Economic calculation module 
v) Results 
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12 Tt:chnology I SuDS options entry sheets 
Source 
Controls SUDS 'Cost' 
SummarY Treatment 
Train analysis 
L"",' ~< SUDS )<::-71 Controls System Summary 






































Figure 4-7 Structure of Simple Economic Model 
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4.6.2 LCCA sub module 
The LeCA sub module simple calculates and enters the data related to capital costs, 
establi shment costs, inspections costs. and routine mailllcnance (annual maintenance) directly 
into the Economic calculation module. The LeCA sub module calculates the annual "cash" 
cost for establi shment; and for inspections and routine maintenance. These values are entered 
into Columns 3 and 4 of Table 4-10. 
4.6.3 Sub Module for the scheduling of Irregular maintenance and 
replacement 
To avo id irregular maintenance occurring in the same year or within an unreasonably short 
period after an asset was replaced the fo llowing sub module was put in place. The sub-
module ensures that once the asset is renewed the maintenance cycle would be reset, and the 
costs recalculated. These results are then entered into the Economic calculation module. The 
'scheduling of Irregular maintenance and replacement ' sub module resets the irregular and 
corrective maintenance schedule when an asset is replaced. The module then schedules the 
maintenance at the specified recurrence intervals for each component. Should a component 
be replaced, the module restarts the schedule. For example, if paving requires a minor 
overhaul every 5 years and replacement every 10 years, the module will schedule the 
maintenance and replacement as shown in Table 4-9. Once the maintenance and replacements 
are scheduled a tota l cost for each year is calculated. These ' cash va lues' are entered into the 
Economic Calculation Module. 
Table 4-9: Calculation of corrective and irregular maintenance 
Age of System Age of Com ponent Task 
9 9 





15 5 Irregu lar maintenance 
4.6.4 EGS Sub Module 
The EGS Sub Module allows the user to enter EGS as benefits or costs. This is then entered 
into the Economic Calculation Module. 
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For each SuDS option (family), or for Conventional Systems, results are presented for all 
three maintenance scenarios at the set discount rate. The results are presented both in table 
form and in easy to understand graphs. The following graphs are presented: 
• Cumulative 'Cash' Expenditure vs. Time 
• 'Cash' Expenditure vs. Time 
• 
• 
Cumulative Present Value of Expenditure vs. Time 
Present Value of Expenditure vs. Time 
• Cash Flow diagram 
• 
• 
Pie Chart (break down between Capital, Establishment, Routine Maintenance, and 
Corrective maintenance) for both 'cash and Present Value 
Cumulative Net Present Value vs. Time 
For the SuDS system a set of 'Cost Treatment Trains' are presented which indicate the costs 
at each point in the treatment train. For the comparison of the two systems, results are 
presented for only the selected maintenance scenario, at the selected discount rate. The same 
results as presented above are supplied. 
4.7 Damage Avoidance Cost tool 
4.7.1 Background 
The valuation of EGS is the most significant feature of the SEM. It allows for a fair 
comparison of SuDS and conventional stormwater management systems. While many tools 
are available for completing Stage 1, few are available for completing Stage 2. The DAC tool 
provides a quick, conceptual estimate of the EGS on a regional basis. This tool applies the 
'Substitute Cost Principle' in valuing the EGS in the form of the quantity management and 
quality treatment supplied by SuDS. The assumption is then made that conventional systems 
externalize the equivalent value, in the form of EGS, onto the environment at large. The value 
of the goods and services supplied by SuDS is calculated by considering the cost of acquiring 
and managing a virtual treatment facility that would produce equivalent water quality 
treatment and quantity management. Typical treatment objectives considered achievable by 
the City of Cape Town (2009) for SuDS are presented in Table 4-4. 
Figure 4-9 presents a schematic treatment train for the virtual treatment works, assumed 
by the SEM to be the most cost-effective way of treating stormwater discharge from a 
conventional drainage system, in order to meet the objectives described in Table 4-4. The 
water released to the receiving waters from such a facility is of a similar quality to that 
expected from SuDS designed to meet the same objectives. The hypothetical cost of treating 
conventionally managed stormwater in this way, may be termed the 'Damage Avoidance 
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Cost (DAC)'. Note that the virtual facility also allows for groundwater recharge, an important 
additional service offered by SuDS. 
Conventional 
SlOrmwaler Nel""ork 
Settle ment C hamber 
([nsuring WQv) 
~~c===~F'~~--------o~et:e~"t~;o:"~PO:":d~------------"'\ 
~~Fiow divider (QCv) 
Released to water body at 
"predevclopmenl" ra te 
Sa nd Filtration 
Figure 4-9: Schematic treatment train for virtual treatment works used to estimate 
the DAC 
The DAC needs to account for both water quality and quantity (total volume and flow rate). 
In South Africa, the climatic conditions vary greatly from region to region. The model 
accounts for thi s by allowing the user to choose between one of five standard 24-hour design 
storms as appropriate for the sizing of the virtual treatment works. These include the rour 
South African SCS stomlS (Southern African adaptations or the United States Soil 
Conservation Service design storms as described in Schmidt & Schulze (1987), and a 24·hour 
constant precipitation storm. For the same storm volume, higher intensity storms require 
larger and more costly treatment racilities than lower intensity stonns thererore the constant 
precipitation design storm is the least costly and the SA SCS Type 4 the most costly. Other 
parameters that may be vari ed include the depth or runoff; the lag time and the di scount rate. 
In the computat ion o r the DAC, care was taken at all times to ensure that the ' least cost 
principle' was adhered to. Over·estimation or the value orEGS, as discussed in Section 4.4.5, 
is a criticism rrequently levelled at the Substitute Cost Method. Optimal perrormance or each 
unit process was thus assumed. For simplicity sake, the model assumes a number or 
parameters that innuence the valuation or EGS. This is done to ensure the least cost 
altemative and is presented in Table 4·11. The three cri teria that should be met to ensure the 
appropriate use or the Substitute Cost Method (pagiola ef al. , 2004) is listed in Table 4·12. 
The second column summarizes how the approach adopted in the DAC meets each criterion. 
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Table 4-11: Fixed input parameters in the DAC 
Component Parameter Value: 
Flow Diversion Capacity Equals peak WQv Runoff 
Sedimentation Chamber Area 20"A. of WQv 
Depth 2m (max) 
Filtration Chamber K (mI,) O.6m/day 
Depth of Filter 0.5m 
I-lead over Filter 2m 
Detention Basin Area Sufficient to ensure detention ofQCv 
Depth Max depth 2m; Average Depth ~ 1m 
Outlet Orifice 
Effective Impervious Area 15 ha Sets optimum size of sand filter 
Table 4-12: DAC Justification 
Criteria Justification 
Equivalent Service: The facility ensures equal treatmenl 10 a SU DS system as per Table 4-4 . 
The DAC attempts to calculate the leasl cost of treating runofTfrom conventional 
Least Cost: systems using the most appropriate treatment works - in this case an online sand 
fi lter connected to an ofT line detention pond. 
The "polluter pays" pri nciple is widely accepted in law and it is therefore 
appropriate that the cost of treatment is accounted for . In conventional systems, 
Willingness to Pay: these costs are extemalised onto the environment resulting in the potential loss of 
natural capital. It is likely that there will be resistance to serv ice charges being 
levied for stormwater treatment measures but this is not an excuse for not doing so. 
4_7_2 Design of unit processes 
4.7.2.1 Flow Divertcrl Outlet 
The cost of the flow diverter (structure designed to divert excessive flow to an offline 
fac ility) and the pond outlet (structure designed to rel ease stored water at a specific rate) are 
assumed to be the same a llowing fo r minor modifications. The cost estimate is based on a 
design developed by Graeme McGi ll Consulting (20 10) for offline detention pond 
inlet/outlets. Essentia ll y the inlet/outlet allows a design flow. Any flow over thi s design flow 
is diverted to an offline detention pond. The design is shown in Figure 4-10: Inlet/Outlet 
Design. The following modi fications were assumed for the DAC too l to function: 
• For the low diverter the outlet was closed (red cross in Figure 4-10) i.e. onl y acting as 
an inlet to the pond once the treatment fac ili ty is full or the peak flow has been 
exceeded. 
• For the pond out let the out let orifice size was set by the mode l dependent on the 
requi red flow i.e. only act ing as the out let. 
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Figure 4-10: InletlOutlet Design 
It was necessary to have an inlet and an outlet in order to avo id all the runofTbeing treated by 
the quality treatment facility. The cost of the diverter would not vary significantly with 
des ign flow and was not mode lled to do so. 
4.7.2.2 Sedimentation chamber & Sand Filter 
The costing of the sedimentation chamber and sand filter is based on a conceptual design by 
lefTares & Green (2008) to estimate the cost of managi ng polluted stonnwaler at speci fic s ites 
in Cape Town. However in order to ensure a ' least cost a lternat ive' the design was altered. 
Most notab ly the need to consider floatation due to groundwater was ignored, as were ground 
water a design issue the design for infiltration would need to be reconsidered. Other 
adjustments were made to the depth of the sand filter and the dimensions of the fac ility (head 
of water). These were all adjusted in line with the li mits suggested in Debo & Reese (2003) 
fo r an Austin Partial Sedimentation Sand Filter (APSSF) thereby ensuring the minimum cost 
pe r unit storm water treated. 
The des ign of the Sedimentation and the Sand Filter chambers are shown III 
Figure 4- 11 . It is worth not ing that the water level is balanced between the two chambers. 
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Settl ement Chamber 
Water Level balances oul 
between the chambers 
Flow Spreader 
Containing multiple 
holes (could in theory be 
made using gabions) 
Sand Filter 
Sand Fitter 
Figure 4-1 t: Sedimentation and filter design 
4.7.2.3 Infiltration chambers 
4-29 
A number of infiltration techn iques were considered including boreholes, infiltration basins 
and infiltration trenches. The lifecycle costing, especiaJl y maintenance, of a recharge 
borehole is difficult to estimate. This system would require the detention of treated 
stormwater which wo uld require additional land take and in many cases where SuDS would 
infilt rate thi s would not be necessary i.e. where the soil is sandy. The use of infiltration basins 
req ui res extensive land areas. Stone fill soakaway's were selected due to the minimum land-
take and the need to onl y infiltrate without treatment as the water would already have been 
treated, thereby minimi z.ing maintenance. 
4.7.2.4 Quantity conlrol pond 
The cost of the quantity control pond was estimated per cubic meter. It was assumed that a 
maximum depth of 2 m would be llsed for health and safety reasons; hence the average depth 
of the pond would be I m. The design is shown in Figure 4-12. 
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V Maximum water level 
---------------- - --------------~- - -------------- -- -
Average dept 
dl ! m 
Out let 
Long sect ion 
Figure 4-12 : Conceptual des ign of quantity control detention pond 
4.7.2.5 Land Take 
Land take is estimated by calculating the total land take required for the qua lity treatment 
facility and quantity contro l pond. The facility is then assumed to be square, with 5 m, to 
allow fo r access to the whole site for maintenance, between any parts of the faci lity and the 
fence. as indicated in Figure 4- 13. 
Sm undeveloped perimeter t 
Treatment Facility 
Figure 4-13: Calculation of Land Take 
4.7.3 Sizing the unit processes 
An important function of the DAC tool is to size a virtua l treatment facility. The following 
section detail s how the virtual fac ility is sized, and why the o rder is important 
Lloyd N Fisher-lefTes: Deve lopment of the Simple Economic Mode l (SEM) 











4.7.3.1 Calculation Procedure 
The calculation procedure for the DAC follows the process outlined in Figure 4-14. The 
initial parameters for the analysis are entered in Step I. The model automatically completes 
Steps 2 to 6. The order of the model's calculation procedure is significant as it ensures that 
the facility's use is optimized i.e. the treatment facility is fully utilized before the detention 
facility is required, ensuring a 'least cost alternative'. The hydrographs for the Water Quality 
volume (WQv) and Quantity Control volume (QCv) storms are modelled. The treatment 
facility is sized to ensure that it has sufficient capacity based on the WQv Storm. The QCv 
Storm is routed through the facility and excess runoff that the quality treatment facility 
cannot manage is routed through a quantity control pond that releases runoff at a reduced rate 
(30% of post development). 
Step 7 involves the separate calculation of the costs for treatment and the 'land-take'. 
The land-take accounts for the fact that real treatment facilities would have to be located 
somewhere in the city and that land will have to be acquired at some cost. The SEM allows 
this cost to be included, if so desired. 
The user calculates the final DAC in Step 8. The final DAC includes an amount for 
treatment and an amount for land-take (if desired). The virtual facility initially assumes a 
catchment with an effective impervious area (EIA) equal to 15ha - an estimate of the area 
that will require a sand filter of roughly optimal size based on guidelines for sand filters in 
Debo & Reese (2003). Debo & Reese (2003) recommend up to 20.2 ha (50 acres) may be 
treated with a similar facility. Assuming a average runoff factor for developed areas of 0.75 
(a generally conservative estimate likely) would result in a EIA of 15ha. This is to ensure that 
the cost of developing and operating the facility is based on the 'least cost principle'. The 
costs (treatment and land-take) associated with EIAs larger or smaller than 15ha are then 
determined pro-rata. 
The final DAC is then exported to the main SEM spreadsheet in Step 9. 
4.7.3.2 Design storms 
Hydrographs are calculated depending on the parameters entered by the user. Two 
hydro graphs are generated, one for the WQv storm and one for the QCv storm. The WQv 
hydro graph is used to size the facility for water quality treatment and the QCv hydro graph is 
used to size the facility for water quantity management. The hydro graphs are calculated using 
the approach taken in Schmidt & Schulze (1987). The calculations do however assume a 
100% runoff from the catchment. Therefore, the catchment area is the Effective Impervious 
Area, as defined in Section 4.7.3 
The flow is calculated for every minute, based on the parameters set by the user. The 
result is shown in Figure 4-15. 
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Model (DAC) calculation procedure User interface 
Step I: Set Parameters 
~ 
• Design Storm 
• Catchment lag time 
• Discount Rale 
Step 2: Calcu late WQv Hydrograph 
24 hour WQv Slenn depth • 
• 24 hour OCv SIDnn dCDlh 
Sl(~p 3: Calcu late QCv Hydrograph 
Step 4: 'Goal seeks' optimum treatment facility 
Step 8a : Delennine pro-rata OA C for treatment size 10 meet WQv Slonn 
based on the costs for a 15ha EtA catchment 
! Step 5: Size Infihration Chamber I ---c> Step 8b: Delenninc pro-rata DA C for land-lake 'V based on the costs for a 15h .. EtA catchment 
Step 6: 'Goal Seeks' optimum detention facility 
size (accounts for now routing) Step 8e: Calculate lolal OAC from the sum of 
OAC for treatment and DAC for land lake. 
'" Step 7a: Calculates Life Cyc le Costs for 
facility and reduces it to annualised cost (over .J, 
50 years) i.e. the DAC for treatment 
I--
Stcp 7b: Calculatcs land take and reduces it to Ste p 9: Expon lolal DAC 10 SEM 
annuali sed cost (over 100 years) i.e. the DAC 
for land take 
Figure 4-14: DAC tool calculation procedure 
4.7.3.3 Routing through the facilif)' 
Essentially the facility acts as a storage faci li ty or ' reservoi r' while it treats the runoff. The 
size of the facility is set, and the ston11 routed through the facility using the reservoir routing 
fonn ulae, as shown in Equation 4. 
(4) 
Where: I = Inflow (from stonn hyd rograph); 0 = Outflow (through sand filter, detention 
pond); S, = Storage (within settl ement chamber, sand filter, detention pond, infiltration 
chamber); and I = time. 
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The assumption is made that the virtual treatment faci li ty is fully utili zed before any runoff is 
diverted into the quantity control pond. A very simpli fi ed overview of the logic and fo rmulae 
behind the mode ll ing of the virtual facili ty is given in Table 4- 13. 
The 'goal seck' macro, resizes the componen ts until the WQv Stann can be full y rouled 
through the virtual treatment facili ty. and the QCv storm can be fu ll y deta ined within the 
quantity control detention pond. 
• o 
<;: 
1 0 40 
- - crv 
A 
" - WQv , I 
,--1 , I , 
'\~ I , 
- -- - ~'.J ~ - - -- -
240 440 640 840 1040 1240 
T ime (minutes) 
Figure 4-15: Storm Hydrograph 
4.7.3.4 Effective impervious areal directly connected impcnrious area 
144 o 
The term effective impervious area (EIA) recognizes that not all impervious areas are 
connected to the Slonnwater system. In some cases impervious areas could be surrounded by 
gardens or solid walls which result in runoff being detained or managed on site. EIA is 
basically the imperv ious cover that provides stonnwater directl y into the stonnwater system. 
For these purposes, it is rurther de fi ned as the equiva lent area of impervious surfaces that 
results in J 00% runoff fo r the design stonn depth. 
This can be calculated by multiplying the sum of all connected impervious areas by a 
runoff factor in the range of 0.9-1 based on the sites characteri stics, which adj usts impervious 
area to EIA. Alternat ive ly, where the system is mode lled it is possible to divide the total 
rUlloffby the WQv stoml depth. 
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Table 4-13: Summary of how inflows/outflows arc calculated for different unit 
processes in the treatment trains 
Stage Explanation ~ 
In I Oul rormulae 
Diverter 
Accepts peak flow o f WQv storm, until treatment faci lity 
NIA 
is full , additional runolTis stored in the detention pond 
Sedimentation From fl ow diverter 
Same depth as in sand filter 
NIA 
chamber 
Out fl ow through sand filter kiA 
Sand filt er 
Same depth as in 
Through sand layer 
A= Area 
sedimentation chamber IF coefficient of permeability 
i - hydraulic gradient 
Into soil until soakaways is 
Outflow through soakaways c:: kiA 
A- Area 
Infil trat ion Flow from sand filt er full , overflow 10 " water 
ka coeffi cient of permeability 
course" 
i - hydraulic gradient 
Outflow from quanti ty control 
detention pond - CdA.J(2gh) 
Quantity Overflow from 
Through orifice 
Cd"" Coefficient or d ischarge 
control pond Treatment facili ty A "" Area of orifice 
g " gravity (9.81 mls2) 
h =: Head (m) 
4.7.4 Operations and Maintenance 
Operations and maintenance costs and frequencies were estimated using the ' Fact Sheets" 
considering a low maintenance level (ensuring quantity and quali ty performance with li tt le or 
no regard for amenity). The costs were reduced to present values using the sanle economic 
module used for calculating the costs related to the system. 
4.7.S Valuation of EGS 
The valuation of the cost of treatment within the virtual treatment facili ty and detention pond, 
and fo r land take is presented separately as well as cumulative ly. The cost, ' the DAC'. is 
annualized over the life cycle of the virtual facili ty. The cost is reduced to a unit rate per EIA 
(Section 4.7.3). This has been done for two reasons: 
• In order to cnsure the least cost alternative 1\ IS necessary to make use of the 
'economies of scale ' as the stOrnl\\·ater wi ll be treated on a regional basis. It is assumed 
the facili ty can treat up to 15ha, therefore if a faci lity were to be only 5ha it may not be 
the least cost solution. 
• It may be useful to assign the eXlernali sed costs to ind ividual properties. This would 
most easil y be done based on EJA. 
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4.8 Rainwater and Harvesting Tool (RWHR Tool) 
4.8.1 Background 
4-35 
The Damage Avoidance Cost tool accounts for the regulating value of a SuDS system. 
However, the provision of goods is not considered. While it is relatively simple to calculate 
the value of flowers harvested or the fish caught, it is not as simple to determine the value of 
rainwater collected and reused. In order to assist users in South Africa the Rainwater and 
Harvesting Tool (RWHR) was put together. 
4.8.2 Importance of proper calculation 
It is evident that the calculation of Annual Collectable Runoff (ACR) is not a good estimate 
of the volume of water collected and reused. For example a 50001 tank with a catchment of 
50m2 will collect a higher percentage of the runoffwhen compared to a 50001 litre tank with 
a catchment of 500m2 as the 50001 tank will become full and not be able to accept more 
runoff which will then not be collected and available for reuse. To simply use an estimate of 
the ACR, which is what could possibly be collected would be misleading. 
4.8.3 Calculation procedure 
The tool essentially uses reservoir routing, Equation 3, and the Rational Method, Equation 5, 
to model the system on a daily basis. Inflows are determined using the rational method and 
actual rainfall data. The tool allows for up to 10 years' worth of daily rainfall data to be 
entered. Out flows are entered on a monthly basis as the outflow may vary with the season. 
The logic of the calculation procedure is outlined in Figure 4-16. 
For the purposes of comparison the model also calculates the ACR. This may be used 
to inform the designer on optimizing the design. 
Q=CiA 
(5) 
Where: Q = Flow; C = Runoff coefficient; i = Intensity; and A = Area. 
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Ca lculate runofr Repeat cycle for next day ... · Rainfall · Runoff coefficient .. 
Ca lculate storage in storage lank 
· Add runoff · Minus out now · Limit storage to maximum storage capacity 
+ 
Yes 
Is the re additional runofr exceeding 
~ 
Additional runofr 1101 stored 
ca pacity of storage unit? "released" from system 
.. No 
Is th ere a backup s upply? If, yes is the Back up supply refills storage 
backup waler supply required unit if e mply -
Yes 
I No 
Figure 4-16: Rainwater harves ting and reuse tool calculation logic 
4.8.4 Results 
The tool calculates the fo llowing results fo r the design: 
• Total runoff (for en tire analysis) 
• Annual average runoff (based on daily rainfa ll data) 
• Total water captured (for entire analysis period) 
• Annual average water captured 
• Total water NOT captured (for entire analys is period) 
• Annual average water NOT captured 
• Total water consumed (for entire analysis period) 
• Annual average water conswlled 
• Total water required from back up and days requtnng back up supply (for ent ire 
ana lys is peri od) 
• Annual average water required from back up & days requiring back up supply 
• Percentage of stonns con tained 
• Annual co ll ectab le runoff 
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The number of results allows a user to optimize a design ensuring that 90% of storms are 
managed by the storage unit (90% is the commonly used storm for water quality management 
for example: Debo & Reese (2003) and Maryland (2000)). Based on these results and by 
entering an appropriate value for water, the total value of water consumed is calculated. 
4.9 Critique of the Model 
4.9.1 The Model's Computation 
The model's life cycle costing analysis computations are relatively simple. Due to a lack of 
local data the model itself undertakes repetitive calculations for the user and then produces 
the results in a set of simple charts/graphs. 
4.9.2 Valuation ofEGS 
Undoubtedly, the biggest criticism of this model will be directed at the approach to 
accounting for the lack of quantity and quality treatment in conventional systems. However 
this model should be applied more generally. If in a specific location a lower cost approach is 
found, this local approach could be substituted. This lower cost option would have to meet 
the same quality and quantity output criteria. Specific critiques of each aspect of the model 
are discussed below: 
i) Attenuating peak flows in a conventional design will require detention, decreasing the 
cost for attenuating peak flows is unlikely. 
ii) Sand filtration is one of the cheapest options available, in that it both treats, but also 
detains the same runoff, reducing the need to have a second facility to attenuate flow. It 
is also a gravity fed solution that functions when there is runoff, and does not require a 
fulltime staff presence, providing maintenance procedures are adequate. 
iii) Urban development has limited the natural recharge process and the impacts of the 
reduced infiltration have to be recognized. 
iv) The model allows for the entry of data relating to additional amenity and biodiversity 
impacts. It does not however offer a means of estimating these for a number of reasons 
that include: 
a) Variability in estimated values, needs to be assess on a site-by-site basis; 
b) The relation between level of maintenance and value of amenity and biodiversity; 
c) The variability in social values within South Africa; and 
d) Problems with estimating the differences between conventional and SuDS 
systems in a fair manner, especially social values. 
While the model allows data to be entered, extensive research is required on a site-by-site 
basis to allow a realistic consideration of the value of amenity and biodiversity. The approach 
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presented alongside the SEM only requires quantity and quality aspects to be considered. By 
designing systems to handle the same design storms risk is managed equally by both systems. 
Should a deeper analysis be needed which considered EGS this would need to be done in a 
fair and equivalent manner. 
4.9.3 Conclusion of critique 
Care has been taken to ensure that all the requirements set out in Table 4-1, and therefore the 
aims of the SEM have been met. The SEM provides a fair basis for evaluating two or more 
alternative urban stormwater designs. The model's DAC tool underestimates the cost of the 
treatment works, and hence is a 'least cost option'. 
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5. Application of the SEM 
The three examples that follow have been selected to demonstrate the application of the 
Simple Economic Model, its components, and the proposed procedure for undertaking such 
studies. Detailed instructions are included in Appendix C. They cover a range of situations 
(different scales) and motivate how the ecosystem goods and services were modelled 
i) Residential House: Rainwater Harvesting & Reuse 
a) Single SuDS option 
b) Rainwater Harvesting & Reuse tool, DAC tool - only considering WQv storm, 
excluding land value 
ii) Large paved public open space - Grand Parade 
a) Design Comparison, DAC tool- considering WQv storm, including land value 
iii) Commercial development - Mitchell's Plain District Hospital 
a) Multiple technologies/SuDS options, design comparison 
b) 'Cost' Treatment Train 
5.1 Example 1: Rainwater Harvesting 
The purpose of this example is to consider the costs and benefits of retrofitting a residential 
house with rainwater harvesting tanks, in order to better manage stormwater. 
5.1.1 Site overview 
The site is a fully developed residential property. Approximately 65% of the plot has been 
covered with impermeable surfaces directly connected to the municipal infrastructure. The 
owners wish to reduce their water rates account and more sustainably manage their 
stormwater. While it will be costly to retrofit the whole property to meet the quantity and 
quality performance requirements set by the City of Cape Town's "Management of Urban 
Stormwater Impact Policy", the owners are interested in whether rainwater harvesting could 
be economically beneficial. 
The garden, especially surrounding the pool needs to be watered (non-indigenous) 
throughout the year. 
5.1.2 Rain Water Harvesting 
Rainwater harvesting and reuse is proposed to manage runoff from the roof (sub catchments 
Sl, S3, S6 in Figure 5-1), the two tanks are designed to have a minimum of 1 m3 of storage 
available which acts as a water butt. Essentially this would be temporarily detained and 
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release over an extended period e.g. 24 hours). This is the equivalent of20mm over a roof o f 
100m2, 
• Tank 1 wi ll manage in excess of the first I Dmm on catchments S3,S6. The stored water 
will be used fo r flushing toilets (2 toilets) estimated to use approximately 60 f lday 
throughout the year 
• Tank 2 wi ll manage runoff in excess of20mm on catchment S I. The stored water will be 
used to supplement pool water, and for garden irrigation. Consumption is estimated to 
vary between 0 .£/day duri ng June/July up to 250 {/day du ring l anuaryfDecember 
Catt tlmenl BoundarIeS 
N 
A 
Figure 5-1: Res idential house to be fitted with rainwater harvesting tanks 
5_ 1-3 Life Cycle Costing 
The fo llowing costs, shown in Table 5- 1, derived from the ' Fact Sheets' are considered 
reasonable for the purposes of thi s example and have been entered into the Indi vidual 
Component Design spreadsheet. The High Maintenance scenario assumes a medium level of 
maintenance with maintenance sub-contracted. The Low Maintenance scenario assumes the 
home owner undertakes the regular maintenance. 
Tank I will be significantly more expensive as it will need to be built on a stand to 
elevate it, thereby allowi ng gravity flow from the tank to the point of use. 
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Table 5-1: Rainwate r Harvesting Life Cycle Costs 
Typical rales, if tasks 
Tas k nOI performed by Scenario {tota l (OSIS) 
home owne r. 
Tank 1 Tank 2 High Scenario Low Scenario 
(R) (R) (R) (R) 
Capita l 16000 8000 24000 24000 
Establishment 0 0 0 0 
Inspections 160 160 160 0 
ROUline Maintenance 
First Flush 
150 150 150 0 
Clean ing 
Roof C leaning 200 100 300 300 
Roof Cleaning 
300 300 300 
Setup 
Irregu lar Maintenance Sed iment Removal 200 200 400 400 
5_ 1.4 Benefits 
As indicated in the analys is the rainwater harvesting system will remove a minimum of2 mJ 
(1 m) for each rainwater tank) from the storm volume. The DAC too l has been used to 
estimate the value of quan tity and quali ty management. Additionally there are further benefi ts 
in the fonn of red uced water usage; these have been evaluated using the City of Cape Towns 
proposed tari ffs for sanitation and water. It is worth noting that sanitation is linked to the 
volume of water consumed thus the total benefit from reduced water consumption is the sum 
of the red uction in water and sanitation fees. 
Table 5-2: Water reuse benefits 
Water (per kl) Saoitallon (per kl water) Total (9.12+9. 12xO.7) 
Cost (R's) 9. 12 3.27 12.39 
In order to assess the benefits of the system it is necessary to estimate the volume of water 
that is available for reuse. This was accomplished in two ways. Firstly, by calculating the 
Annual Collectable Runoff, as shown in Table 5-3. Secondly, by mode ll ing the system and 
determining the Modelled Collectable Runoff (MCR) inllows and ou tflows - over a year/s, as 
shown in Figure 5-2 and Table 5-3. 
Figure 5-2 is an output from the RWHR Tool discussed in Section 4.8. Figure 5-2 
shows the vo lume of storage in Tank I as we ll as the volume not co llected when runoff 
vo lume exceeds available storage capacity. It highlights that during November to April the 
Tank 1 is genera ll y empty (except immediately after a stonn event). On the other hand during 
winter (May to October) Tank I is generally fu ll and cannot contain all the runoff. 
Table 5-3 it is clear that there is a significant difference between the ACR and MCR, 
The main reason being that the storm events where runoff exceeds avai lable storage vo lume 
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within the system is not accounted for in the ACR calculation which ignores storm event size 
and available storage capacity. This high lights why undertak ing a MeR modelling is vital. It 
is also worth noting that in the modelling, the system assumptions need to be made abou t 
water consumption. These will be based on what the water is used for, be it the nushing of 
toilets which is simple to est imate or the wateri ng of gardens which may be more difficult. 
Table 5-3: ACR >s. MCR 
ACR (kl) MCR (kl) Consumed (kl) 
Tank I 33 18.6 [6.4 
Tank 2 \8.2 18.5 13.6 
_ Percentage full - Volume nOI collected 
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Figure 5-2: R~\inwatcr harvesting modelled using precipitation records for 2008/2009 
(Tank I) 
The lower (morc conservative) est imate of storage/consumption was used to estimate the 
valuc of the water consumed. Clearl y to be more accurate it would be necessary to model 
muhiple years, varying the consumption scenarios, and then use an average. However the 
purpose is it to demonstrate the model , not detail the des ign of SuDS systems. 
Based on the resu lts in Table 5-2 and Table 5-3 the annual benefits shown in Table 5-4 
are est imated due to water that is reused. These benefits are so lely for the provision of goods 
i.e. the water. 11 does not consider the regulating services provided by removing and treating 
the runoff. 
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Table 5-4: Water consumption benefit~ 
Eslima led wale r saY ings (kl) Valut o r wattl'" (Rlkl) Benefi t (R) 
Tank I 16.4 12.39 200 
Tank 2 13.6 12.39 170 
Tota l 30 12.39 370 
The other benefit that needs to be assessed is the two tanks stonnwater management 
capabi lity. An analysis of the DAC (water quali ty and quantity management) was cond ucted 
10 detenn ine the value of the regulati ng services provided through the ra inwater harvesting 
system. The input parameters for the analysis are shown in Table 5-5. The Results are shown 
in Table 5-6. 
Ta ble 5-5: OAC Parameters 
OAC Pa ra meler Tank I Tank 2 Reason 
Water Quality Storm Depth (m mI24hrs) 10 20 Storm depth each tank manages 
Quantity Control Storm Depth (mmI24hrs) 10 20 
Entire vo lume treated for Water 
quality_ Therefore no QC stoml 
Lag Time DA C (default 6 minutes) 30 ) 0 30 
Discount Rate (%) 4 4 Used for analysis resul ts 
Reduct ion in predevc lopmcnt now for QCv (%) 0 0 No management of QCv Storm 
Recharge (as% of WQv) 0 0 No infi ltra tion 
SCS SA Storm Type I 1 
Total Area (m2) 100 50 Catchment for each lank 
Table 5-6: Stormwatcr management benefits 
DAC (R per year) 
Tank I 90 
Tank 2 74 
Toea] 164 
h is now possible to undertake a ' fai r and equivalent' economic analys is of the 
implementation of rainwater harvesting tanks, as both systems are be ing compared on an 
equal basis. 
S.1.S Economic a na lysis 
Based on the criteria and the above-mentioned results an analysis of the two rainwater tanks 
was conducted making used of the Single Component Analysis module. The applicat ion is 
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shown III the Figures 5-3 to 5-6. Figure 5-3 and Figure 5-4 clearly ind icate that the 
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Figure 5-4: Rainwater harvesting system present va lue of expenditure over 50 yea rs 
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Figure 5-6, demonstrates that it is most economical if the tasks required for maintaining the 
system are undertaken by the horne owner. The results in Figure 5-3, Figure 5-4 to Figure 5-6 
are useful for explaining the need for maintenance and motivating the horne owner. 
5.1.6 Conclusions 
The model has been applied to considering the economics of retrofitting rainwater tanks to a 
residential horne to supply water for gardening and the flushing of toilets. The example has 
demonstrated the use of the RWHR tool, the DAC tool and the Single component analysis 
module. The SEM has been used to calculate the benefits of the system. 
It is clear that should the horne owner personally undertake the routine maintenance i.e. 
incur 'no cost', the costs of the system will essentially be the cost of the installation as the 
benefits equal the irregular maintenance costs. If however all maintenance is outsourced, the 
system will require on-going expenditure and the benefits will not cancel out the regular 
maintenance costs. 
The results have been presented in a graphic, user-friendly manner that easily informs a 
designer or homeowner. The results also clarify that in order to reduce the costs or make the 
system cost neutral after installation, the homeowner would need to take on the responsibility 
for on-going maintenance. 
5.2 Example 2: Grand Parade - Public open space 
5.2.1 Context 
The City of Cape Town invested in the first major permeable paving scheme in the Western 
Cape when it paved approximately 0.25ha of the 2.5ha Grand Parade site using permeable 
paving. The Grand Parade offers a useful case study on the economics of upgrading a site in 
order to manage stormwater impacts incorporating SuDS. This site was already serviced by 
conventional stormwater systems. According to UWM Group (2009) the design: 
i) "Minimizes stormwater management issues which simplifies planning; 
ii) No need to install costly stormwater, water collection or detention systems; 
iii) Eliminates collection and detention areas, increasing the effective developable area, 
saving the developer money; 
iv) Lessons the chance of erosion and water seeping into basements; 
v) Lowers maintenance costs because permeable paving surfaces require fewer repairs and 
need to be resurfaced less often; 
vi) Channels water to the root systems of plants and trees, resulting in healthier vegetation; 
and 
vii) Removes a significant percentage of pollutants at point." 
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vi) Channels water to the root systems of plants and trees, resulting in healthier vegetation; 
and 
vii ) Removes a significant percentage of pollutants at point." 
Figure 5· 7 shows the site before and after upgrad ing. It is clearl y aesthet ically mO fC pleas ing 
(a consideration in any SuDS des ign), and although a number of trees were removed du ring 
constnlction , these have been replaced with indigenous trees which will improve the 
aesthet ics and environmental aspects orthe development. 
Figure 5-7: Site prior to (2008) and after development (20 I 0) (Google Earth, 20 II ) 
This case study is based on the Grand Parade site. In practise the Grand Parade has a daily 
maintenance schedule to manage li tter (solid waste) result ing from the traders market. This 
case stud y considered only maintenance required for storm water management The original 
construction rates have been sourced and adjusted to October 20 10 and fact sheets have been 
used to estimate the maintenance costs. All the estimates consider onl y stormwater aspects. 
----
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5.2.1.1 Site & Catchment characteristic 
i) The si te fa ll s within the City of Cape Town's Central Busi ness District which may be 
considered a high pollution area 
ii ) The conventional drai nage system releases stomlwater into the City' s harbour as 
indicated in Figure 5-8, as a result quantity control is not a concern, qua lity 
management however remains vital . 
Figure 5-8: Conventional sewer discharging into the city's harbour (G IS data supplied 
by City of Cape Town) 
This analysis will consider the whole Grand Parade, and what were originally sidewalks, as 
indicated in Figure 5-9. This requires approximate ly 25,000 m2 of paving, of which 
approximately 2,500 m2 was developed as penneable paving draining 20,000 m2 following 
the recent upgrading. 
Figure 5-9: Site Overview (Google Earth, 201 1) 
5.2.1.2 Proposed land use characteristics 
i) Site is used for parking approx imately 200 vehicles. 
ii) The remainder of the site is used for a trading market. 
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5.2.1.2 Proposed land usc characteristics 
i) Site is used for parking approximately 200 vehicles. 
ii) The remainder of the site is used for a trading market. 
iii) During the 2010 FIFA Soccer World Cup it was used as a designated viewing site I Fan 
Zone. 
iv) It is not anticipated that heavy-dulY vehicles or mi li tary parades showcasing amlOured 
vehicles will regularly utilize the site as was done hi storicall y. 
S.2. 1.3 Quantity and Quali ty performance requirements 
The City of Cape Town's new "Management of Urban Stormwater Impacts" policy sets the 
minimum requirements that need to be met. These require an 80% reduct ion in TSS and a 
80% reduction in TP. 
i) The conventional des ign fails to meet the minimum quality requ irements. As the sewer 
network releases directl y into the harbour, quantity control is not required 
ii ) The 'SuDS' system meets and exceeds a ll the requirements set by the Ci ty. 
5.2.1.4 Amenity and Environmenta l requirements 
After the upgrading the site amenity was genera ll y enhanced. The site provides casual 
parking, daily markets and a place for civic events and demonstrat ions. 
5.2.2 SuDS Design overview 
The site has been redeve loped wi th a section of penneable paving that collects and manages 
runoff from a much larger tri butary area as shown in Figure 5-1 0. The paving is graded to 
ensure all the runoff is conveyed to an infiltrated into the pemleable paving. 
Figure 5-10: G ra nd Pa r ade Overview (Google, 201 1) 
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figure 5-10: Grand Pa rade Overview (Google, 20 11 ) 
SECTION THROOGH LAYERWORKS FOR AOlJAfLOW BlOCKS 
Figure 5-11: PCBP Layer Works ( l1i so, 2010) 
5.2.3 Conventional Options 
5.2.3.1 Concrete Block Paving vs. As phalt 
The site could have been rehabilitated by overl aying the asphalt with a 40mm aspha lt layer 
that would have been signi fi can tly cheaper than removing the exist ing asphalt and replaci ng 
i t This analys is assumes that the pavement had reached the end o f its des ign expected useful 
life and could not be rehab ili tated again. As such, the surface had deteriorated to slich an 
exten t that it needed replacing. This would leave two options. The fi rst option would be to 
replace it wi th a new asphalt surface; the second would be to lay conventional concrete block 
paving. Studies conducted by the Concrete Manufacturers Association (CMA, 2009) indicate 
that CBP would in most cases be financ iall y the best choice (CMA, 2009). This is clearl y 
evident in Figure 5-12. 
This section assumes the site was to be developed using a convent ional approach to 
stonnwater management. The design would entail the removal of the current asphalt surface, 
compact ing and lay ing ofCB over the en tire area. The current drainage system would be used 
in its en tirety to drain the site. 
There are a number of add itional advan tages to CBP, in that it may eas ily be repaired 
and has a more aestheticall y pleas ing appearance. It would therefore seem reasonab le to 
conclude that the use of CBP would be optimal for upgrading the Grand Parade using a 
conventional approach. General layer works are shown in Figure 5-13. 
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Heavy Duty - Area1 0 DOOm2 • CBP • A-emu 0 EsumsUld m illflCeflllnCfl 
cost over 10 years 
PCJVenlent Cost R/ITI' Heal/)' duty Indu6tl'lal, bus UJrm/II8ts snd through roads /fI t.rban 8f'fUIs. 
560.00-------------------------
Figure 5-12: CRP v,. Premix A'phall (CMA, 2009) 
Figure 5-13: Con\'cnt iona l Layer Works (based on IIiso, 20 I 0) 
5.2.3.2 Damage Avoidance Cost 
The SuDS design ensures the C ity of Cape Town's stomnvater guidelines are met. It is 
important however to notc Figure 5-8, which shows that the conventional system would 
d ischarge d irectly into the harbour. According to SuDS principles, it would therefo re not be 
necessary to consider quantity management. Qual ity and Ameni ty remain important. The 
DAC for the sile wi ll therefo re be based on the following criteria: 
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i) Treatment of the WQv as stipu lated by the City of Cape Town using the SA SCS Type 
1 St0n11 distribut ion 
i i) The costs of quantity contro l for larger RJ slonns will not be considered as the 
conventional des ign meets these requirements - none required as discharge is di rect ly 
into the ocean. 
iii) The value of the land required for such a treatment facility will be considered as the site 
fa ll s in Central Cape Town where land is at a premium. There is no avail ab le land on 
site. The ' lost utili ty ' i.e. no parking o r trad ing on the aqua now of the Aqua now 
(permeable paving) strip, will not be considered as it is clearl y being used for parki ng 
and trading. 
Table 5-7: DAC Pa rameters 
DAC Parameter Value Reason 
Waler QualilY Sionn Depth (mmI24hrs) 30 11: yr. 24 hr. storm depth 
Quantity Control Storm Depth (mml24hrs) 30 No need to consider quantity control 
Lag Time DAC (default 6 minutes) 30 Estimated 
Discount Rate (%) 4 Used for comparative analysis 
Reduction in predevelopment flow for QCv 0 No reduction requ ired 
Recharge (as % ofWQv) 8 Estimated from Cape Town recharge map 
SCS SA Storm Type I 
Total Area (m2) 25,000 Total Area 
Effective Impervious Area (m2) 20,000 Effective Impervious Area 
Table 5-8: Annualised valuation of DAC for conventional paving 
DAC (RI),e. r) 
Treatment 47,500 
Land Value 45,500 
TOla l 93,000 
It is clear that there would be substant ial cost attached to acqui ring and managing a facility 
capable of managing the si te' s runoff. It is also worth not ing that two thi rds of thi s cost would 
be due to the need to 'acquire land' to develop the s ite. In li ne with the mode l the DAC has 
been added to the conventional system. 
5,2,4 Life Cycle Costing 
Capital Costs were based on the ori ginal payment certificates, which were adjusted to 
October 20 I O. This was done to ensure that the construction costs were at the same base date 
as those of the operating and maintenance costs. 
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Consultant fees (10%), Preliminaries and General (15%), Contingencies (10%) etc. were all 
estimated as a percent of the cost. These were applied uniformly between designs. The costs 
considered did not cover all aspects of the redevelopment, only those common to either the 
conventional or SuDS designs thereby ensuring a 'fair and equivalent' analysis i.e. the 
following were considered: 
i) Layer works & Surfacing 
ii) Catch pits, grid inlets etc. 
iii) Kerbs & Gutters. 
The following were not considered: 
i) Landscaping (such as trees) as these did not perform stormwater functions. i.e. they 
were not designed to, nor will- they function to collect and manage stormwater as a 
planted catch pit; 
ii) Kerb and channelling running alongside the roads surrounding the Grand Parade, as 
these form part of the roads drainage system and have no impact on draining the Grand 
Parade. Additionally the costs would be equal in both designs and so an error in this 
assumption would be offset; and 
iii) Architectural features and developments i.e. the special work done around the statues 
etc. was not considered as this would be common to both designs and they perform no 
stormwater management functions. 
Operating and maintenance costs were derived from the fact sheets and focused on the 
difference between the systems. These consider: 
i) Operation & Maintenance of manholes, catch pits and sewers 
ii) Operation & Maintenance of the permeable paving. 
The following were costs were not considered: 
i) Establishment of the trees and maintenance of the trees as they provide no stormwater 
management function 
ii) Daily sweeping of the market area as this is the same for both designs and is a solid 
waste management responsibility. 
To demonstrate the use of the SEM for this example an analysis has been undertaken using an 
4% discount rate. This would normally be varied to determine the sensitivity of the results. 
The designs are expected to last for 20 years, at which stage they would need to be 
rehabilitated. 
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Table 5-9: Analys is Scenarios 
Scenario Description 
Low Low maintenance according to fact sheets over life cycle 20 years 
Medium Medium maintenance accordi ng to fac t sheets over li fe cycle 20 years 
High High mai ntenance accord ing to fac t sheets over life cycle or20 years 
5_2-5 Results 
The results may be viewed fo r each design separately, but of real interest fo r this case study is 
the compari son of the two systems. The results shown below in Figure 5-14 to Figure 5-16 
demonstrate the SEM's abi li ty to compare Iwo systems and present the result s in an 
access ible manner. 
Concrete block paving (CBP) and Permeable e BP (PCBP) requ ire min imal regular 
maintenance other than infrequent sweeping and fix ing of any broken bricks. Figure 5-14 






Capital andRtpLace:nent Routine maintmance 
Establishmtnt Irregular maintenance 
Figure 5-14: Comparative cash expenditure for permeable and conventional paving 
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Figure 5-15: Present Value (PV) and Net PV (benefits - costs) of expenditure of 
Grand Parade stormwatcr system 
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Figure 5-16: Cash Expenditure breakdown of Grand Parade stormwatcr system 
It is worth nOling that while the capi tal costs fo rm the bulk of the expenditure for both 
des igns, with the permeable paving system having marginally higher operating and 
maintenance costs. The benefi t of the permeable paving is realised in the NPV graph where 
the conventional system continues to pay the DAC. At 15 years the NPV of the systems are 
equivalent. 
5.2.6 Conclusions 
The model has been successfu lly applied to considering the economics of the development of 
a large public open space using pemleable paving. This example has demonstrated the SEM 
in a situation where land value should be considered when applying the DAC tool to calculate 
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the value of EGS. While limited technologies were used, this example has also demonstrated 
the simplicity and the usefulness ofthe comparative analysis charts. 
The calculation of the DAC clearly indicates that significant resources would be required to 
acquire and manage a facility to treat stormwater where permeable paving was not used. The 
significant 'land cost' highlights the difficulties that would be faced in finding suitable land 
in the CBD. 
The results indicate that while the permeable paving may have a higher capital cost the 
regulating services provided over the life cycle are extremely valuable. It is clear that the 
permeable paving design has a number of benefits over a 'conventional design'. 
5.3 Example 3: Mitchells Plain Hospital Case Study 
5.3.1 Introduction 
The following case study is based on a site currently under development by the Western Cape 
Provincial Government. Since the site was used as a case study the design has undergone a 
number of minor revisions. For biodiversity reasons, the selection of vegetation was limited 
to those found on site. This analysis was based on typical rates, and was not based on the 
vegetation chosen for the site as these were in the process of being selected and the costs 
estimated. The site has been used to demonstrate the use of the SEM and not to conduct a 
comprehensive economic study, which would require expenses to be locally determined 
5.3.2 Context 
The original stormwater design for this site was based on a network of underground pipes 
which transferred all runoff to an on-line detention pond. Due to changes in local by-laws and 
a 'progressive' design team, the design was reviewed to incorporate a number of SuDS 
technologies. The 'new SuDS design' incorporates aspects of conventional design to drain 
critical areas where quantity control is of utmost importance The runoff is then treated 
through a combination of buffers, infiltration ponds, swales and bio-retention areas. The basic 
designs were developed outside of the research group. This is advantageous as it reduces any 
potential bias regarding the results of this case study. It further adds a degree of confidence to 
all the case studies. 
5.3.2.1 Site & Catchment characteristics 
i) The site is situated in Mitchell's Plain, Cape Town 
ii) It is a previously undeveloped, greenfield site, 
iii) A 750mm municipal stormwater pipe runs along the western side of the site (see Figure 
5-17 inred) 
iv) The site is flat / undulating (DWA, 2010) 
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v) The predominant soil type is "Greyish, sandy excessively drained so il" (City ofCapcr 
Town - GIS, 2009) 
vi) The ground water table is expected to lie over 3m below surface level (DWA, 2010). 
Figure 5-17: Site prior to and during development (Google Earth, 20 11 ) 
5.3.2.2 Quantity and Quality performance requirements 
The Ci ty of Cape Town' s new "Management of Urban Stonllwater Impacts" (CSRM, 2009) 
poli cy sets the minimum requirements that need to be met for the SuDS design. The 
conventional design fails to do so and thus the anaJ ys is will acco unt for EGS provided by the 
SuDS system by using the OAC too l. 
5.3.2.3 Amenity and Environmental requirements 
There arc no environmental o r amenity requirements, although there is to be extensive 
landscaping of the outside areas for both designs. 
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5.3.2.4 Legal obligations and requirements 
Further than the City of Cape Town's requirements, there are no further site specific legal 
obligations or requirements. 
5.3.3 Conventional Design 
The design, shown in Appendix A-I, as with all 'conventional' designs focused on quantity 
management. All the runoff from the hospital site was efficiently collected and drained to a 
single detention pond which was designed to detain the runoff and release it in a controlled 
manner. While there was potential for some of the runoff to infiltrate while it was being 
detained, this was not considered to be the primary disposal method, and the majority will 
have entered into the municipal system (Mostert, 2010). 
The site is expected to have extensive landscaping. As is evident the conventional 
design did not attempt to exploit this to manage the stormwater, instead all runoff was 
collected and detained in a single detention pond before it was released to the municipal 
system. 
The design ensures that up to the 50 year RI is detained on site by an inline detention 
pond. The outlet however is a single stage outlet at the base of the detention pond and thus 
will offer very limited detention for small RIIfrequent storms. The treatment offered, by what 
should be considered a quantity control pond and not a detention pond, is negligible (3% 
TSS, 19% TP (Debo & Reese, 2003». The DAC for the site will therefore be based on the 
following criteria: 
i) Treatment of the WQv as stipulated by the City of Cape Town using the SA SCS Type 
1 storm distribution 
ii) The costs of quantity control for larger RI storms will not be considered as the 
conventional design meets these requirements. 
iii) The value of the land required for such a treatment facility will not be considered as the 
site has sufficient open land on which such a facility could be installed. 
5.3.4 SuDS Design 
The SuDS design used for this analysis has been subsequently amended. Amendments 
included the infiltration ponds being landscaped using indigenous plants, as per the contract 
and shaped on site. The concrete block swale was amended to form part of the network of 
infiltration ponds. The selection of the original SuDS design for analysis is a pragmatic 
decision made in order to simply demonstrate the model as opposed to focusing on the 
technical aspects of the design. The design combines elements of SuDS and conventional 
approaches to stormwater management. The SuDS design, as shown in Appendix A-2, is 
comprised of seven infiltration ponds, treatment swales and filter strips (Mostert, 2010). 
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A review of the ' SuDS' design resulted in a number of minor technical issues being noted. 
The following four issues were identified and dea lt with as described be low: 
i) There is no indication of eros ion management, flow spreading or sediment management 
prior to the basins. The Klitzner (20 11) does suggest that calcrete on site would be 
reused in to perform these functions. Without some form of eros ion management the 
result will likely be long term fa ilure of the ponds as sediment will collect in the ponds 
resulting in them becoming clogged. In order to better manage the inflows fTom the 
sewer network a flow spreader was added to the cost of the design at each inlet head 
wall . Figure 5- 18, is an example of such a flow spreader constructed oul of gab ions. 
ii) The "enhanced swales" as defined by the des ign team are not designed according to the 
definition or an enhanced swale. They should be termed bio-retention areas or treatment 
swales as they are designed to retard the water flow and remove nutrien ts. For the cost 
model these areas were treated as standard bio retention areas. 
iii) The design requires grass block channels. The channel could easil y be served by a 
standard grass channel that would lead to large cost savings. 
iv) The ponds have been termed "retention ponds" by the des ign team; however they act as 
infiltration pondslbasins disposing of the runoff through inliltration and do not maintain 
a pennanent pool or water (Debo & Reese, 2003; Jefferies, 2005). This is significant as 
the groundwater level impacts on the effic iency o r the ponds. The leve l or the ground 
water is expected 10 be sufficient (i.e. > I m below the bottom of all the basins during 
winter). 
figure 5-18: Flow Spreader (Berwick, 20 11 ) 
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5.3.5 Life Cycle Costing 
Capital costs were based on the original payment certificates, which were adjusted to October 
2010. SuDS component costs were based on the 'Fact Sheets' in Appendix F. This was done 
to ensure that the construction costs were at the same base date as those of the operating and 
maintenance costs. 
The costs considered did not cover all aspects of the redevelopment, only those 
common to either the conventional or SuDS designs i.e. the following were considered: 
i) Conduits 
ii) Catch pits, grid inlets etc. 
iii) Kerbs & Gutters. 
iv) Swales 
v) Buffer Strips 
vi) Bio retention Areas 
vii) Infiltration Pond 
viii) Detention Ponds 
The following were not considered: 
i) Landscaping not impacting on stormwater management - as the site was to be 
landscaped, and these should not be considered stormwater costs. 
ii) Calcite (Rocky) swales - these were treated as bio retention areas, as the rocky swales 
may develop maintenance problems. 
Operating and maintenance costs were derived from the fact sheets and focused on the 
difference between the systems. These consider: 
i) Operation and maintenance of manholes, catch pits and sewers 
ii) Operation and maintenance of the SuDS options 
The Expected Useful Lives of the different SuDS options/ technologies were estimated based 
on those provided in the Fact sheets. Due to the range of EUL's the analysis is conducted 
over 100 years. 
To demonstrate the use of the SEM for this example an analysis has been undertaken using an 
4% discount rate. This would normally be varied to determine the sensitivity of the results. 
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Table 5-10: Analysis Scenarios 
Scenario Description 
Low Low maintenance according 10 fac t sheets over life cycle 100 years 
Medium Medi um mai ntenance according to fact sheets over life cycle 100 years 
fngh High maintenance according to fact sheets over life cyc le o f 100 years 
5.3.6 Results 
The results for the economic analysis are presented in Figures 5-1 9 to 5-22. Figure 5- 19 and 
5-20 highlights that the SuDS design will require significant addi tional expenditure over the 
fi rst few years after construction to ensure that the requisite vegetation is properl y 
establi shed. It is therefore important that funds be set aside over and above that for si mply 
construct ing the des igns. It is also interesting to note that the percentage breakdown of 
expenditure (when establishment costs are included as part of capita l) are the same. This is 
likely due to the use of conventional elements in this design. 
Figure 5-1 9 clearl y demonstrate the cash now. present value and net present values of 
the designs and may be used to inform those responsible for making the decisions about the 
financial commitments required for each design. 
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Figure 5-19: Leash Flow of hospital stormwater system 
Figure 5-20 highlights that while the present val ue is relative ly similar, once all costs and 
benefits are considered. there is a significant diffe rence. In thi s case the additional costs 
considered were: the cost of making a connect ion to the municipal stonnwater system (R 
3,000,000.00) and the DAC. No benefits for either system were considered as no local data 
was availab le. It is now possible to undertake a ' fair and equivalent ' economic analysis as 
both systems are be ing compared on an equal basis. 
----
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Figure 5-21 : Expenditure breakdown for Medium level of Maintenance of hospital 
stormwatcr system 
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Figure 5-22 demonstrates the SuDS 'Cost Treatment Train ' . It clearl y highlights that the 
major part of the costs are on technologies on a local scale, and that there are very few source 
and regional controls. This may indicate that the design shou ld be reconsidered, and a greater 
emphasis be placed on source contro ls - in this case Green Roofs. However it could be 
considered appropriate as there may be a lack of capaci ty to manage the source controls 
optimally. hence the need fo r greater reli ance on local contro ls. The SuDS 'Cost Treatment 









Figure 5·22: SuDS 'Cost Treatment Train ' of hospital stormwater sys tem 
5.3.7 Conclusions 
This example has demonstrated the app licat ion of the SEM for sites with a range of 
technologies, both SuDS and Conventional , as is the case for loca l and regional case studies. 
The SuDS 'Cost treatmen t train ' does indicate that there are limited source controls that could 
impact on the survivabili ty o f the treatment. Were the SEM to be used as part o f lhe design it 
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would suggest a need to consider the need for more source controls such as those suggested 
in Section 5.3.4. Additionally the use of the various outputs are useful in understanding the 
financial and economic implications of each design and will allow a user, and stakeholders to 
better understand which design is most appropriate for their development. 
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The Simple Economic Model (SEM) was developed to add ress the weaknesses that were 
identified in the models reviewed. The SEM and supplies a simple, user friendly, and 
accessible model that will allow stakeholders to undertake the increasingly necessary analysis 
of the economics of different approaches to stonnwatcr management The SEM 's fou r 
primary aims were to: 
i) Establish the life cycle costs of alternative drainage designs; 
i i) Account for the diffe rences in environmental impacts on an ' equivalent and fair basis; 
iii) Provide a simple method that may be applied (0 different sites within South Africa; and 
iv) Present resu lts in a manner that is accessible and understandable to the stakeholders. 
Table 6- 1: Aims of the Simple Econom ic Model 
Aim Requirements Achieved 
Calculate LCC for SuDS and conventional Systems using the same V., 
approach, making allowance for the differences in each system. 
Establish the life cycle Allow for the aggregation and disaggregation ofresuhs. in line with V., 
costs of altemative SuDS principles. 
drainage designs. Allow for the entering of different maintenance scenarios, and V., 
sensitivity analysis using the different scenarios 
Account for the 
Allow for sensit ivity analysis by varying the discount rate Yes 
differences in Provide a method for estimating the value of Environmental goods 
environmental impacts & services that may be used throughout South Africa 
Panly 
on an 'equivalent and Account for the different life cycles of different drainage V., 
fair basis.' technologies 
Provide a simple Provide a model that is user friendly, and cou ld be used by Cannot be 
method that may be stakeholders with different competencies assessed yet. 
applied to different Provide all basic data (costs. maintenance freque ncies etc.) to allow 
Partly. 
sites within South users to be able to conduct quick analyses. 
Africa. Provide a model wh ich may be used on projects of different scales. V., 
Allow for the aggregation and disaggregation of co st ing data, in 
Present resuhs in a line with SuDS principles to allow users at different scales to V., 
manner that is identify the costs anributable to them . 
accessible and Present results both in detailed tables and s implified but accessible V., 
understandable to the graphics. 
stakeholders. Are ' usable' by any person potentially involved in the design or Cannot be 
management of SuDS. assessed yet. 
As outlined in Table 6-1 the requirements that were initially set to detennine success have a ll 
been met in part - at this stage cannot be fu ll y assessed - or in whole. 
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It is important to recognise the limitations of the SEM. Firstly the SEM deals with risk by 
assuming both designs being compared are designed for the same recurrence interval, while 
acknowledging that if a SuDS system is not maintained, it has a higher risk of failure. 
Secondly, the Damage Avoidance Cost tool only considers the quantity and quality 
management 'provided' by a 'reliable' conventional treatment facility. There is no way of 
ensuring that both the SuDS and conventional systems would operate to the same efficiency 
or would be managed in an equivalent manner in any specific environment. 
The three examples have demonstrated the SEM's functionality and its ability to 
present results that are accessible to a wide range of stakeholders who do not have the 
technical 'know how' or understanding to undertake such an analysis. 
Most importantly the SEM demonstrates that it is possible to take account of ecosystem 
goods and services. This may therefore be the model's greatest value in that it dispels the 
'myth' that it is not possible or too cumbersome to value ecosystem goods and services. The 
valuation of ecosystem goods and service will inform design as the true value of these 
essentially free goods/services becomes apparent. Where a design team may feel that they are 
able to prove that there is a lower cost alternative, they would be free to use this in the 
analysis. They would however need to prove that it met the criteria laid out throughout this 
document. The requirements in Table 6-1 cannot as yet be assessed objectively. Time will tell 
how effective the SEM model is in enabling practitioners to consider alternative drainage 
systems in a fair and equivalent manner. 
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7. Recommendations for further research 
There is a worldwide shift towards the implementation of what is termed Sustainable urban 
Drainage Systems / Sustainable Drainage Systems (SuDS). A barrier common to the wider 
use of SuDS in South Africa is uncertainty regarding the total cost of implementation. While 
this research has highlighted a number of valuable resources and has presented an easy to use 
model (the SEM) that undertakes the menial work of conducting an economic analysis, it has 
not fully addressed the uncertainty regarding the costs of implementation. This uncertainty 
will only be addressed as experience is developed locally and costing data becomes available. 
If the foundations are put in place now, it will be possible to ensure that this information 
becomes available timeously. The following research needs to be undertaken: 
• Further research is required into the horticultural aspects of stormwater management. 
This is a vital aspect of research as it could potentially impact on the maintenance 
requirements of a system as well as the goods and services which might be derived 
from such a system. 
• Further research is needed to consider the local requirements of SuDS for the different 
levels of maintenance. It needs to consider the differences based on regional and 
climatic factors (e.g. malaria areas may require different maintenance regimes). The 
development of an online SuDS database that captures information for different SuDS 
options from around South Africa would provide the basis for this research. The 
following information would be need to be collected: 
o Development costs 
o Basic design (to allow the analysis of costs related to design) 
o Maintenance frequencies and costs 
o Life cycle of different SuDS Options 
o Location 
While this is a relatively simple task, in the future at five year intervals the data could be 
analysed and the results published. This would go a long way towards informing and 
reducing the uncertainty that negatively impacts on and acts as a barrier to the wider use of 
SuDS locally. 
• While maintenance and life cycle costing is a significant aspect of the economics of 
SuDS, it is also vital that future research focus on better accounting for the 
environmental goods and services provided by SuDS systems. While the Damage 
Avoidance Cost tool has gone some way towards presenting a quick, simple method for 
undertaking such an analysis, it only accounts for quantity control and quality 
treatment. Amenity and biodiversity are equally important aspects that should be 
considered, yet are incredibly difficult to account for. As more projects implement 
SuDS it will be possible to collect adequate data for such analyses. 
• The Damage Avoidance Cost considers the quantity and quality management 
'provided' by a 'reliable' conventional treatment facility. It is necessary that research 
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be undertaken into the efficiency of the treatment offered by SuDS locally to 
objectively demonstrate that SuDS is in fact treating stormwater to an equivalent degree 
• A question that arose during the presentation of the research nationally was surrounding 
risk. The SEM deals with risk by assuming both designs being compared are designed 
for the same recurrence interval, while acknowledging that if a SuDS system is not 
maintained, it has a higher risk of failure. Butterworth et al. ,(2011) suggested the 
implementation of SuDS to better manage the risks related to climate change. Further 
research needs to look into how SuDS manage, mitigate or increase risk and how this 
may be accounted for. 
With SuDS being in its infancy in South Africa it will be difficult to make long term findings 
in any of these areas. It is though possible to begin the necessary research. It is vital that the 
databases and tools for collecting the relevant data are put in place and managed so that in 
time it will be possible to analyse this data and provide reliable, relevant and accurate data for 
local stakeholders based on local conditions. 
~--.~---- -, 
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B. Using the Simple Economic Model 
8.1 Introduction 
The following section has been developed (0 help assist the user In fu ll y utilizing the 
functions of the SEM 
B_ LI Getting Started 
The model opens on the front page, as shown in Figure B. l. Once Macro's have been enabled 
it will be possible to navigate to the appropriate sections of the model by clicking on the 
appropriate "Go" button. Throughout the model bunons are available to nav igate between 
sections 
Storm water Management 
Simple Economic J\'lodel - Simplified 
-South Africa-
Ensure MACRO's are Ea.bled 
Contcnts 
1 SiDK.le Component LCCA GO 
2 SuDS 'System' Conleats Paae GO 
3 CoO\'eolion.1 System Contents P.~e GO 
4 Accounting for Eo,i roDmental Goods & Senices GO 
5 ComparaUve Charts GO 
6 References GO 
Figure 8 .23 Front Page, SEM 
It is important to recognize that by and large the SEM is a calculation module, limited data is 
entered. Instead the accompanying Appendix F of Fact Sheets should be used to Source data 
as shown in Figure B.2 
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Asset 
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Figure 8.24 Data contained in Fact Sheets 
B.1.1.1 Ensuring Macro's are enabled 
It is important that Macro~s are enabled. The macros aid in calculat ion and navigation 
through the numerous spreadsheets. In order 10 enable Macros in Excel 2007 or 20 I 0 the 






Select " File" 
Select "Options" 
Select "Trust Center" 
Select "Trust Center Setting" 
Select " Macros" 
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Step 6: Select "Enable all Macros" 
Step 7: Select "OK" 
Step 8: Select "'OK" 
81.1.2 'in program' Help 
Wherever the user is required to enter data or perform a task the heading contains an Excel 
' comment ' denoted by the following symbol: ( , ). By selecting the heading the ' comment' 
that will be shown will explain what data is required, and where it may be accessed. 
8.2 Single Component LCCA 
This Spreadsheet allows a user to consider a single technology and consider the costs and 
benefits over a life cycle. To use thi s spread sheet the following steps should be followed : 
Step 1: Getting Started 
From the SEM front page (Figure 8.1) select "Single Component LeCA" , This will take the 
user to the Single Component LeCA spread sheet. 
Step 2: Enter Maintenance Scenario & Discount Rate for analysis 
I Enter di !i;Cnunl rate ~ Enter Maintenance Level -- SlD~k CompGDt Dt 
_ .- 1 ..... --- I-I 'I- , I 1.;t.. 1 
Figure 8.25 Enter Maintenance Sccnario & Discount Ratc 
Once all the data is entered the user may change the selections, but no calculations will be 
undertaken unless a Level of Maintenance is entered. If a discount rate is not entered the 
default setting of 8% will be used. 
Step 3: Enter design and construction data 
The Design & Construction data may be entered as per a standard schedule of rates and 
quantities. Adjustments for VAT, Contingencies etc. may be made, as shown in Figure 8.4. 
Should the User simply have a unit cost, thi s may be entered. If a single value is entered for 
the cost of the system, it will override any entries into the schedule afrates and quantities. 
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Figure 8.26 Entry of design & construction costs 
Step 4: Enter ·establishment costs' 
The establi shment costs are those costs, over and above routine maintenance and inspections 
incurred over the fi rst few years (generally up to three years, although the model allows fo r 
up to ten years). These are entered as shown in Figure B.5. 
Enter description of task, Enter Quantity for first three years for high, medium and low 
units, and rate for task maintenance scenarios - III ~ ~ - , • , • 
Figure B.27 Entry of establishment costs 
Step 5: Enter Maintenance Data 
The data for inspections, rout ine and irregular maintenance may be entered in the appropriate 
sections as shown in Figure 8.6 
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~ - ~ ;;;- 1-- ~ ;;;- I •• ~ 
inSpeClions & Routine Maintenance 
- I. ~ I. - lrrcgular & correclive Maintenance 
Figure 8.28 Entry of maintenance data 
Step 6: Enter the Asset Life Cycle & Disposal Cost 
The second last step require the entering of the assets expected life span and the costs of 
di sposal at the end of the assets life. as shown in Figure 8.7 
EspecIed Ufe s,.. (yn.) Replace_. Colt 
~' ("" .... - TOlAIR~ ,,- .... co..,. ..... ) c......- tolt (For .. ) 
so so so 10 ... 
Figure 8.29 Entry of asset EHI... and disposal cost 
Step 7: View Results & Conduct Sensitivity Analysis 
It is now possible 10 view the results and by adjusting the level of maintenance or discount 
rate conduct a sensitivity analysis. 
B.3 SuDS Full System 
The SuDS Full System comprises 12 individual spreadsheets that analyse individual SuDS 
options over a user specified analysis period. The analysis includes the ab ility to account for 
EGS costs or benefits associated with the specific SuDS. The User is able to specify whether 
each SuDS option is a Source, Local or Regional scale. Based on the specifications the results 
are aggregated. Firstly, according to scale and then as a complete system where once again 
the user may input EGS costs or benefits that have not yet been included. Results are then 
available at each scale. 
Step I : Getting Started 
From the SEM front page (Figure 8.1) select ""S uDS System Contents Page"'. This wi ll take 
the user to the SuDS System Control Page shown in Figure B.8. 
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Step 2: Enter Selected SuDS Options 
The User may entcr up to 12 SuDS options (as per the families in the SA Guidelines) that are 
to be modelled as part of the system . Where a User intends using derivatives of the same type 
of SuDS these should not be used /donc separately but will be accounted for in the 
spreadsheets for the 'Type" 
Step 3: Enter Parameters 
Once all data is entered the user may change the selections, but no calculations will be 
undertaken unless a level of maintenance, discount rate and analysis period is entered (As 
shown in Figure 8.30). These settings will be used for all aspects of the SuDS system and can 
only be adjusted on the "SuDS System Contents Page". Each SuDS option will show the 
results for all three maintenance regimes. In the comparison with the conventional system 
only the maintenance regime selected here will be compared. 
~.- SuDS 'System' 
Enter Paramelers6:00 PM ~ 
o"".~:,,s 




I EnlerTypes of SuDS which form pan o(Syslem4 I ~ , 
Ii ....... _--- I 
Figure B.30 uSuOS Systcm Contcnts Pagc" 
Step 4: Sclect a technology 
By selecting a technology and clicking "go" the appropriate analysis sheet will be opened. 
Step 5: Sct Scale of SuDS options 
For the purposes of financial modelling the scale of the SuDS option needs to be set as shown 
in Figure 8.31 
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Co.tnl Lenl I R I Sog"ce • .Loc.!. B egior* 
Figure B.31 Enter Scale of SuDS 
Step 6: Enter Technology lnformation and Capital Data 
Up to ten derivatives of the same "technology group/fam ily" may be modelled. To avoid 
conflicts in maintenance schedule, each technology is assigned a "code" (1-10). When 
entering data for this specific derivative the appropriate code should be entered as shown in 
Figure 8.32. 
The Total Acquisition Costs must be entered as shown in Figure 8.32 (i .e. if 100 
rainwater tanks costing R8000 are used, a value of R800 000 should be entered). 
If the User wishes to estimate maintenance costs as a % of eRe then this may be 
entered, but no further data with respect to maintenance should be entered. Note: the spread 
sheet will change colour to indicate this is a value is entered. Use of this facility is not 






Total or.M ... 
Not Technology Code 
is associated with 
technology description 
X ofCAC 
Figure B.32 Entry of des ign & construction costs 
Entcr 'Establishment Costs' 
T .... 
The establishment costs, are costs incurred over and above routine maintenance and 
inspections (up to three years). These are entered as shown in Figure 8.33. 
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Enter description of task, 
1.:lf. .. olI units, and rate for task '- ,_-....... - .... -
Enter Technology 
Code and description 
will be shown 
Enter Quantity for first lhree years for high, medium and low 
maintenance scenarios --
Figure B.33 Entry of establishment costs 
Step 8: Enter Maintenance Data 
B-IO 
The data for inspections, routine and irregular maintenance may be entered in the same 
manner used in Step 7. 
Step 9: Enter the Asset Life CycJe & replacement costs 
It is vital that the next step be completed. Unless this step is completed the model will not be 
able schedule the corrective and irregular maintenance. The user must complete all the 
infonnation. Ifnot a warning will be shown, as shown in Figure 8.342 
Asset Expected Useful Life 
Figure 8.34 Entry of Asset EUL and Replacement Cost 
Step 10: Check all Life Cycle Data entered 
The model has a simple function to check whether all the Life Cycle Cost Data has been 
entered. It checks for all 10 technology codes. If one or more has not been used it will 
indicate "no data entered" for all sections. Otherwise it will indicate what has and has not 
been entered for each technology/options derivative. As shown in Figure 8.35 
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Life cycle data eDtry cbecks 
Figure 8.35 Data entry checks 
Step 1 t: Account for Ecosystem Goods & Services 
A vital step in the process is to account for Ecosystem Goods and Services (EGS). The model 
allows for four possible inputs for each scenario as shown in Figure B.36. If it is possible to 
attribute a value fo r EGS to a specific SuDS option, this should be entered now. If the EGS 
are attributable to the system as a whole thi s should be entered in Step 15. 
5_) Accounting for Environmental Goods & Services 
.~ 
.... .. - .... 
~ 
Figure 8.36 Accounting for Environmental Goods & Services 
Step 12: View Results for SUDS option 
It is now possible to view the results and compare each maintenance regime, and by adjusting 
the di scount rate, conduct a sensitivity analysis. 
Step 13: Repeat procedure for other SuDS options 
The above procedure may now be completed fo r up to 12 other SUDS options, and associated 
derivatives. 
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Step 14: View results on three scales 
It is now possible to view the results. The different forms of results and adjustment of the 
analysis parameters may be accessed from the SuDS Contents Page (Figure 8.30). A valuable 
representation of the results is the SuDS 'Cost' Treatment Train that presents a breakdown of 
the costs at each scale. This may be used to show interested parties what they may be liable 
for. and in what phase of the project's life cycle they could liable. The SuDS 'Cost' 
Treatment Train, is shown in Figure 8. 15. 
-~- 1 'cos, ' TrulDlul Tram 
PV bpendI",,~ 'c.h EIcpeniIIltur.' .- .-- -Source Control 
~ 
._- .-.- .-- -
l '7l'7l'~ I ':' I Local Control ~ '''' 
~ I..:.. " '"I- I """"" """"'" .- -- • • • . '-- ." .
171717 1~ - .--._ .. --
Figure B.37 SuDS 'Cost ' Treatment T rain 
Step 15: Account for remaining EGS 
Should there be EGS that have not been accounted for, or can only be estimated on a 
regionaVsystem wide scale (as per DAC), thi s should be entered into the SuDS Full System 
sheet that may be accessed from the SuDS contents page. 
Step 16: View System \Vide Results and conduct Sensitivity Analys is 
It is now possible to view the results and by adjust ing the level of maintenance or the 
discount rate, conduct a sensitivity analysis. The different fonn s of results and adjustment of 
the analysis parameters may be accessed from the SuDS Contents Page (Figure 8.30) 
B.4 Conventional Full System 
The Conventional Full System is considered one "technology fami ly", essentiall y the same as 
the entry sheets for individual SuDS opt ions. 
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Step I: Getting Started 
From the SEM front page (Figure B.23) select "Conventional System Contents Page". This 
will take the user to the Conventional System Control Page shown in Figure 8.386. 
-- Conventional System Contents Page 
s .... 
SuDS !'-d-. • ... -.... 
On,Io •• INf:l P ••• ~~ • • , c ... ,·"" ..... .as •• , ~. ~ - • '-
Figure 8 .38 Conventional System Contents Page 
Step 2: Follow Steps 3-12 
The user should then foll ow steps 3-1 2 from "SuDS Full System" 
B.S Viewing results for comparative studies. 
A series of results are available. These may be viewed by selecting "Comparat ive Charts'- on 
the front page (Figure 8 .23). 
B.6 Accounting for Environmental Goods & Services 
The valuation of Ecosystem Goods and Services (EGS) is central to this model. While many 
tools are avai lable for conducting LCCA, few are available for completing calculating the 
EGS supplied/consumed by a system . The valuation of EGS is the most significant feature of 
the SEM as it allows for SUDS and conventional stonnwater management systems to be 
fairly compared. Using the DAC and Rainwater harvesting and reuse tools 
B.6.1 Using the DAC Tool 
The DAC tool provides a quick, conceptual estimate of the EGS. This tool applies the 
' Substitute Cost Pri nciple' in va luing the EGS in the fonn of the quantity management and 
quality treatment supplied by SUDS system. The assumption is then made that conventional 
systems externalize the equivalent value, in the fonn of EGS, onto the environment at large. 
The DAC tool is essentially concerned with estimating the EGS on a regional scale for 
Quantity and quality management of runoff before it impacts on the environment. 
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8 .6.1.1 Procedure 
Step 1: Getting Started 
From the SEM ITont page (Figure B.23.1) select "SuDS System Contents Page" . This will 
take the user to the SuDS System Control Page shown in Figure B.39. 
STEP STEP 
STEP 71nspection Frequencies 
STEPS 
Answer 
Figure B,39 DAC Tool 
Step 2: Enter Storm hDcpths" 
i) Detennine the water quality volume (WQv) stoml depth: The WQv stann depth is the 
depth of rainfall, over 24 hours, requiring water quality treatment. i.e. in Cape Town it 
would be the depth of rainfall over 24 hours for a Y2 year 24 hour stonn, 
ii) Determine the quantity control volume stonn depth : The QCv storm depth is the depth 
of rainfall , over 24 hours requiring quantity management. 
Step 3: Enter Lag time 
Detennine catchment lag time: Calculate the catchment lag time based on catchment 
characteristics. Adjust the lag time to be appropriate for the tool with the aid of the fo llowing 
equation: 
Lag limes' 
L . Ife ag IImeDAC tOO'= 1 
Area (km ) 
xO. /5 
The maximum catchment size is 15 hectares. For larger catchments the catchment will need 
to be subdivided into areas equal to, or smaller than, 15 hectares. 
- - ----
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Step 4: Enter discount rate 
A discount rate needs to be entered. This should be the same discount rate being used for the 
analysis. When the user changes the analysis discount rate, the DAC should be recalculated 
and re-entered. 
Step 5: Enter EGS parameters 
Two parameters must be set by the user i.e. the reduction in peak flow as a percentage and the 
volume of recharge that is entered as a % of the Water Quality Volume. 
Step 6: Enter Effective impervious area 
The runoff is calculated by assuming 100% runoff from the area that has been entered. This 
area is termed the Effective Impervious Area (EIA), also referred to as the Directly 
Connected EIA. 
Step 7: Select Storm Type 
The model is able to calculate a DAC for five different storm types i.e.the four South African 
SCS 24 hour storms and a 24 hour storm of constant precipitation. The user must select the 
storm that is appropriate for their site. 
Step 8: Set Land Value Parameters 
Where land is freely available for such a facility the value of land take may be assumed to be 
zero. Where land is not freely available for such a facility the value of land take must be 
considered. The user must then enter the value of undeveloped land per square meter. 
Step 9: Run Analysis 
An analysis must be run. This will calculate the DAC according to the parameters set by the 
user. The user must select the "Run Analysis" button. 
Step 10: Result 
The total DAC is calculated and maybe entered into appropriate sections of the SEM. 
B.6.2 Using the rainwater harvesting and reuse tool (RWHR Tool) 
The RWHR Tool simulates a storage unit's performance based on actual rain fall data as well 
as the mean annual precipitation. This allows a user to see what could theoretically be 
captured, and what will theoretically be collected. The tool works by considering the daily 
inflows and outflows from the system. Over a period of time this allows the user to determine 
how much water might be 'reused' and thus the benefits ofthe system. 
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8 .6.2.1 Procedure 
Step I: Getting Started 
From the SEM front page (Figure B.23) se lect "Accounting for Environmental Goods and 
Services. 
NOTE: The R WHR tool is comprised of two separate sheets, the first is for entering the 
rainfall data, the second is for entering the design data and running an analysis. 
Step 2: Input design data 
Select "Daily rainfall input". This will take the user to the data input page, shown in Figure 
B.40, where the data may be entered for up to to years. The ' Storm Depth ' is the total depth 
of rainfall for each day. 
1n''''T Rainfall Data - ... - .. 7 ,..' 
Figure 8.40 Rainfa ll Data Input 
Step 3: Enter design data 
Select "Rainwater Harvesting & Reuse", This will take the user to the design and ana lysis 
page.AII the design data should be entered as specified in the comments. 
Step 4: View analysis & results 
The results are presented in three manners. The first is a column chart shown in ...... The 
second as table of figures as shown in . Thirdly as an animated column chart showing the 
analysis on a day by day basis, as discussed in Step 5. 
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Figure 8.41 Column Chart showing results of analysis 
Figure 8 .42 Summary of results 
Step 5: Vicw Animation 
The animated results are available as a graphic tool to allow the user to better visualize how 
the storage unit is utilized over time. The user must enter the Start and end dates of the 
analysis, as well as the speed of the analys is (1-5) as shown in Figure B.2!. Once this 








Figure 8.43 Animated Results 
Step 6: Calculate benefits 
The final step is to calculate the value of the benefits. This has not been automated as a 
number of values could be considered appropriate. Based on the resuits, shown in Figure 
B.42, the user must enter: the volume of water reused, the value of the water, and the cost of 
electricity to pump the water should a pump be used; as shown in Figure 8.44 . 
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NOTE: The maintenance and operation costs should be accounted for in the SEM al ready, 
and therefore these costs are not deductcd here. Additionally it is worth noting in cities where 
the costs of sanitation are linked with water consumption, saving in sanitation rates should be 
included. 
ler ,011 , OSI of eleC'tncll em It 
Figure 8 .44 Calculation of Benefits 
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Simple Economic Model (SEM) on DVD 
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D.I Introduction to document 
Appendix D is intended to give a brief introduclion 
to the imponant aspects of costing SUDS. 
Appendix E describes a costing tool that is 
available as pan of the guidelines. Appendix F 
provides useful data for the 1001. The document is 
nOI aimed as a detailed guide to costing, ralher il is 
aimed and structured to specifi cally highlight 
aspects relevant \0 SUDS and idcllIi fy relevant 
literature sources to aid those currently working 
with, designing, tendering or promoting the use of 
SUDS. 
• Section 0 .2 highlights the importance of 
considering these during the design process; 
• Sections D.3 - 0 .5 cover the basics of 
estimating the associated costs fo r different 
phases of the systems life cycle costing; 
• 
• 
Section 0 .6 discuses international 
comparisons of SUDS and conventional 
designs citing from studies from the United 
Kingdom. United States of America and 
Australia ; and 
Section D.7 discuses techniques for 
calculating and analysing life cycle costs of 
stonnwater systems; 
D.2 Principles affecting costs 
SUDS are fundamentally different to conventional 
systems and therefore the factors that influence 
their costs, both capital and operating are different. 
This section highlights how the principles of SUDS 
and design decisions impact on the costs of a 
SUDS system. 
0.2.1 The SUDS treatment train 
In the process of selecting SUDS components for 
new development, it is crucial that the SUDS 
principles be considered. Firstly SUDS, unlike 
conventional piped systems. are not solely a 
quantity management solution. quantity, quahty 
and amenity also need to be considered. This is 
commonly expressed in the shape of SU DS 
triangle, Figure D.I , which identifies the solution 
as lying within the zone where all three criteria 
meet. It is therefore important to recognize that the 
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total COStS for any drainage system should refl ect 
everything required to keep the system operati ng 
from a quantity and quality and amenity 
perspective. 
Figure 0.1 : SUDS triangle 
Secondly, the effectiveness of a SUDS system is 
based on the use of a treatment train, where each 
successive unit process acts to fu rther treat the 
runoff, as illustrated in Figure 0 .2 'Good 
housekeeping' is essential to minimize regular 
maintenance. especially litter collection. 







Figure 0 .2: SUDS Treatment Train 
0.2.2 Treatment train design 
The three treatmcnt trains shown in Figure 0 .3, 
could all potentially meet the local pollutant 
remova l criteria in the short teml for a hypothetical 
catchment. It may therefore seem logical to use 
treatment train I, to contain costs. However: 
In Treatment Train I , all the runoff with 













the wetland. This implies that all the 
suspended solids wi ll collect in the weIland, 
which will require freq uent removal 
In Treatment Train 2, the swales convey the 
runoff to the wetland. During this process 
the swales will fil ter the runoff and remove 
a large portion of the sediment, lessening the 
quantity of entering the wetland 
In Treatment Train 3, the runoff is further 
detained in a dry detention pond before it is 
released to the wetland. This allows for 
al most all sediment to sett le out and 
preventing them fro m cmcring into the 
wetland. 
c .. ,hm"" J 
Truttllfll' Tnu. 1 
Swales 
Catchment Wfdand 
Tnallaflll Tnill 1 
J Swales 
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D.2.3 Further reading 
The SUDS Treatment Train Assessment Toot 
(SIT AT) has been developed at the University of 




Risks of pollution to the receiving water 
body; 
The treatment provided in a treatment train; 
and 
Maintenance and 'survivabil ity' of a SU DS 
option within the treatment train. 
Although the tool was calibrated for sites in 
Calchment Detmlion Pond - Wetland 
I 
Tnal_fal Tnm 3 
Adapted from SUDS Online: Operations &: MamtC1lancc 
Figure 0 .3: Three treatment trains (adapted from SUDS Online: Operations & Maintenance, 2010) 
Treatment Train I may have the lowest capital cost 
(not necessarily so), but since iI is generally more 
cost effective to remove sediments from dry above 
ground SUDS (Berwick, 20 11), both Treatment 
Trains 2 and 3 might well prove to be more cost 
effective in the long term. Treatment Train 3 may 
be over designed, although this depends on the 
catchment, pollutant load, and receiving water 
body. It is therefore vila l that the long tenn 
functioning of the SUD technology and treatment 
train is considered as pan of the design and costing 
process. 
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Scotland, it g ives a good conceptual view of the 
efficiency of treatment trains and clearly identifies 
good combinations of different SUDS options. 
Funher it demonstrates how a poor treatment train. 
or lack of one, reduces the potential of the system 
to manage pollutants long tenn. 
D_3 Capital costs 
The fo llowing section outlines the factors that need 












D.3.1 SUDS Costs 
The majority of expenditure in SUDS is related to 
earthworks and landscaping. Estimating accurate 
unit rates is quite difficult due to the variation in 
the rates, especially within the landscaping 
profession. Additionally the following aspects of a 
development will impact on the costs of the system: 
• Project scale and unit costs; 








Public vs. private design and construction; 
Contractor vs. public works crew; 
Flexibility in site selection, site suitability; 
Partnerships; and 
Levels of experience with the technologies, 
by both designers and contractors (Lampe et 
al,2005). 
The last point is of additional relevance in South 
Africa where the 'SUDS approach' is relatively 
new. 
D.3.2 Establishment costs 
An important aspect that should be in the capital 
costs is the cost of establishing the SUDS option. 
Many SUDS options make use of vegetation e.g. 
swales, wetlands and green roofs. These SUDS 
options at first require irrigation and replanting 
until the vegetation is fully established. These costs 
may be difficult to accurately determine. 
D.3.3 System costs 
Section D.2, explains the importance of considering 
a SUDS system as a treatment train, and not as 
individual components. Unlike a conventional 
system, each component (SUDS option) has a 
range of performance variables. Each of these 
variables has potential impacts on the costs of 
implementing the specific SUDS option, as well as 
on the cost of the future maintenance requirements 
of the system as a whole. It is therefore important 
that when optimizing the system a range of 
performance variables and their impacts on 
maintenance costs be considered. 
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D.3.4 Land take 
Developers may be concerned that SUDS options 
may decrease the developable area (Buys & 
Aldous, 2009; ECONorthwest, 2007). This concern 
is real, as many SUDS options require a larger land 
take than conventional options. On the other hand, 
if SUDS are correctly implemented - considering 
quantity, quality and amenity - add value to the 
properties. 
D.3.S Further reading 
Woods-Ballard, B, Kellagher, R, Martin, P, 
Jefferies, C, Bray, R & Shaffer, P, 2007, The 
SUDS Manual, CIRIA 697, London 
Narayanan, A. and R. Pitt. (2005). Costs of Urban 
Stormwater Control Practices. Stormwater 
Management Authority of Jefferson County, 
AL 
D.4 Operation & maintenance 
D.4.1 Design for maintenance 
The design process must fully consider the 
maintenance requirements. Facilities should be 
design to be as maintenance free as possible, 
however all competent designers should "recognise 
that all structures require periodic maintenance, 
inspection and repair (Debo & Reese, 2003) ". 
Designs should therefore allow for the frequency 
and types of maintenance that the system will 
require (Berwick, 2011), and the associated cost 
should be considered as part of the design process. 
D.4.2 Importance of on-going 
maintenance 
It is vital that SUDS are maintained to ensure 
performance - quantity and quality and amenity 
values are maintained (Berwick, 2011; Haubner et 
al. 2001; Woods-Ballard et ai, 2007). "The 
question is not whether stormwater management 
system maintenance is necessary in a community. 
Rather, the question is how a community's 
maintenance programs will be budgeted, staffed, 
and administered, and who has responsibility for 
managing inspections, scheduling periodic 











(Haubner el 01., 2001)" SUDS require constant 
maintenance to ensure proper funct ioning. Failure 
to do so results in premature failure. Failure will 
also result in the system needing to be overhauled 
which may have significant cost implications. In 
the absence of proper maintenance, the condition of 
conventional slOnnwater infrastructure will initially 
deteriorate slowly, whilst SUDS will deteriorate at 
a more rapid rate. Continued fai lure to maintain 
systems will accelerate the system's loss of 
condition resulting in premature failure. 
Poor design and failure to maintain SUDS 
systems results in many SUDS fai ling prematurely, 
some within 5 years of construction, even though 
expert judgement suggests they should last for up 
to 50 years. 
0.4.3 Typical maintenance tasks 
All SU DS require regular inspection to ensure that 
potential problems are identified and dealt with 
timeously. SUDS also require regular/routine 
maintenance which includes the following tasks on 
an annual or more regular basis to ensure proper 
functioning (Woods-Ballard el al., 2007; Berwick, 





Grass & vegetation management including 
cutting, pruning, invasive species removal, 
weeding; and 
Minor sediment removal, erosion 
management, etc. 
Less regular maintenance, irregular maintenance is 
required for: 
• Sediment management; 
• Vegetation replacement; and 
• Minor overhauls. 
From lime to time, corrective maintenance is done 
in response to failures in the SUDS integrity e.g. 
where a swale is eroded. 
Appendix D: Life cycle costing of stonn water management 
~---
D-5 
0.4.4 L.evels of Maintenance 
Maintenance may be considered at three different 
levels, as detai led in Table D.J , When considering 
what level of maintenance is appropriate, it is 
important to refer back to Figure D.I It is important 
to recognise that amenity is a central SUDS 
principle and therefore this requires maintenance as 
well. In certain circumstances, for example where a 
detention pond is out of sight and has no amenity 
value, the lowest level of maintenance would be 
appropriate (perfonnance funct ioning). Conversely. 
upmarket gated communities may emphasise the 
aesthetic aspects of SUDS and hence a high level 
of maintenance, focusing on amenity aspects would 
be important. Generally, the medium level that 
considers all aspects of SUDS - quality, quantity 
and amenity - is appropriate (Berwick, 20 II). 
Table D.l: Levels of maintenance for SUDS 







funct ioning, and ensure a 
amenity level (appearance). 
Additional maintenance is for 
amenity value only and docs not 
impac..1 on functioning 
0.4.5 Life cycle costs 
Unlike with conventional systems, SUDS treatment 
tmins are fairly complex when it comes to 
detenn in ing both the system' s life cycle and the life 
cycle costs. Appendix F details esti mated 
maintenance rates and frequencies fo r the SUDS 
options. Certain costs such as the impacts of stonns 
or heat waves on the cultivation of vegetation are 
difficult to predict. Extremes of either may require 
extensive replanting. There are also climate and site 











D.4.6 Further reading 
Woods-Ballard, B, Kellagher, R, Martin, P, 
Jefferies, C, Bray, R & Shaffer, P, 2007, The 
SUDS Manual, CIRIA 697, London 
Debo, T & Reese, AJ, 2003, Municipal Stonnwater 
Management, Lewis Publishers, Boca Raton 
D.S Environmental goods & 
services (EGS) 
The SUDS encourages and attempts to mimic the 
use of natural processes. Consequently SUDS have 
the potential to supply a number of environmental 
goods and services to stakeholders. These include 
but are not limited to flood mitigation, improved 
water quality, increased ground water recharge, 
improved aesthetics resulting in increasing property 
values. The following sections discusses the natural 
environmental goods and services which SUDS 
offers. 
D.S.1 Flood mitigation 
Increasing urban development is resulting in 
increased runoff volumes and peak flows. The 
cumulative effects of these impacts on flood peaks 
is estimated to range between 20-50% in residential 
areas and up to 100% in heavily industrialized 
areas (Drainage Manual, 2007; Brown et al 2008). 
The SUDS philosophy of onsite treatment both 
detains and infiltrates water on site, as well as 
reduces runoff velocities. This not only reduces 
flooding but also the reduces the costs of 
downstream infrastructure e.g. bridges 
(ECONorthwest, 2007) 
D.S.2 Water quality 
SUDS have the ability to treat stormwater, and thus 
improve water quality (ECONorthwest, 2007). This 
is important as it is noted that stormwater is a major 
contributor to deteriorating water quality in cities 
(Buys & Aldous, 2009). SUDS improve water 
quality by capturing pollutants and treating them 
through physical, chemical, and biological 
processes depending on the technology 
implemented (Minton, 2002). 
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D.S.3 Ground water recharge 
The use of infiltration in SUDS increases ground 
water recharge and supplies, a supply of water the 
South African government has identified as a 
possible resource for supplying coastal cities as the 
potential to build dams is decreases (Internet On 
Line, 2010). Research in Atlanta, USA by Otto et 
al. (2002) suggests that impervious surfaces have 
reduced ground water infiltration in Atlanta by 132 
billion gallons a year (500 billion litres), the 
equivalent water usage of 3.6 million people 
(ECONorthwest, 2007). 
D.S.4 Aesthetics & property values 
Increased urbanization has to date in general 
led to increased impervious surfaces e.g. 
pavements, sidewalks, roofs, driveways. These 
have the ability to increase runoff by up to a factor 
of 10 (Haubner et ai, 2001; Brown et ai, 2008). The 
goal of was to remove runoff from an area as 
quickly as possible. This ignored the aesthetics of 
the stormwater system. Water frontage (in upper 
income areas) and natural features can add to the 
aesthetics of an area and consequently to the value 
of the properties in that area. US Department of 
Defence (2010) concludes that "In a variety of 
completed projects, micro-scale runoff 
management features have provided architectural 
interest in various forms, ... " The value of the 
benefit is typically 5 - 30% averaging at a 10% 
increase in property values with a suitable view of 
the water bodies (Buys & Aldous, 2009).This is 
however not the case for all SUDS technologies; 
some in fact can cause depreciation in adjacent 
property values. Klein (2003) found that dry ponds 
had the opposite effect of wet ponds and that 
property values were 4 - 10% lower. This 
perspective is supported by research in Illinois, 
which also indicated a perceived negative effect 
related to their construction (Buys & Aldous, 
2009). Common factors impacting on property 
values are highlighted in Table D.2. Certain 
technologies take up more land that conventional 
systems, and this land also has value (Buys & 
Aldous, 2009). There is a need to consider and to 












Table 0.2 : Factors affecting property valu{'s 
(US EPA, 1995) 
Naturally designed water 
bodies (Wet Ponds) 
Ponds & lakes create 
ideal scenery for business 
parks 
Posi tioning features ncar 
to I.'f'I trancf.:s inCTeaSe 
sales and the \'8.luc of 
propert ics 
Propcny with water 
views or other ameni ties 
can be charged premiums 
, 
faci lities (paddling. open 
'''''' 
Open, unprotected water is a 
concern to residential 
ownCl'S with young childrl.'n 
Poor des ign/acsthetic appeal 
(dry ponds) 
Safety conCl"ITlS 
Poor maintl.'nance II."Jds to 
unsightly wet/dry ponds due 
to cxccssi\'c algae growth or 
garbagc build-up. 
Health concerns (mosquito 
breeding grounds.) 
D.5.S Reduced energy consumption 
··Vegeulfed roof covers in IIrban areas offer a 
I·t/riel)' of benefits. slIch {IS eXlemling the life oj 
roofs. reducing energJ' costs .... " (US EPA, 2000). 
Greenstone, 20 I 0 showed that the use of green 
roof s decreases the air temperatures and insulales 
the roof s. This insulation effect can reduce entire 
building'S energy requirements (ECONorthwest, 
2007), while concurrently reducing pollution and 
improving aesthetics (US Department of Defence, 
20 10) 
D.S.6 Value of EGS 
There are a wide range of techniques available for 
determining the value of environmental goods and 
services. Table D. 3 gives an overview of the 
common techniques. It is also possible to use 
multiple techniques, either to compare outcomes or 
10 complement each Olher. The method or methods 
selected need to consider the constraints of the 
project in tenn5 of dala (historical & current). 
experience, time and personnel. 
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Table D.3: Economic \'aluation techniqu es 





















Traces impact of 
change in 
ecosystem services 
on produced goods 
Traces impact of 
change in 
ecosystcm services 
on morbidity and 
mOr1 ality 
Uses cost of 
replacing thl.' lost 
goods or service 
Derives demand 
curve from dRla on 
actual travel COStS 
Extracts effect of 
environmcntal 
factors on price of 
goods that include 
those factors 
Asks respondents 
di rectly re 
Willingness to pay 
for a specified 
service 
Asks respondents 
to choose their 
preferred optioo 
from a SCI of 




obtained in onc 









air or water 
pollution) 



























D.6 International case studies 
A number of studies have been undertaken around 
the world, in order to delennine the financial and 
economic implications of implementing SUDS type 
technologies. Different regions define SUDS, 
LID 's, BMP's, BIOCEDS elC. slightly differently, 
but in general, the results are comparable. Table 
0.4 summarises the conclusions from a selection of 
international studies. Overall it appears thai SUDS 
are usually, but nOI always. more economical than 
conventional systems. In the extreme, conventional 
systems can cost twice that of SUDS over the 
lifetime of the project. It is however important to 
identify 'who pays for what '. SUDS require on-
going, regular maintenance. A relativel y higher 
proportion of the costs might be contained within 
this particular item. 
0.6.3 Further reading 
The Eco NOM West (2007) report supplies a very 
good overview of a wide range of studies into me 
economics of Low Impact Development 
(equivalent to SUDS) in the USA: 
ECONonhwesl. (2007). The ECOllomics oj Low 
Impact De'I!elopmeni - A Literature review. 
ECONorthwes t 



























Table D.4Studies compa ring SUDS a nd 
Conventiona l system s 
00.' ; 
s),stems showed onl), a 0.5% increase to the 
devcloper. This small increase in cost was offset 
by thc increased marketability of the estate to 
~ N 
" 8 the consurrn.'r. The success of the project has < N been widely acknowlcdged and the Lynbrook 
Estate demonstrmion project has helped to 
encourage the adoption of WSUD principles and 
, 
~ § without imposing a cost burden. In fact a " < N balanced WSUD may be COSt neutral on smaller 
projects but is likely to delivcr increasing 
systems 
the community compared to treating runoff 
~ 8 converuionally at a downstream constructed " < N wetland. Additionally research found 85-;. of 
homebuyers suppont:d the introduction of this 
I in their 
0 The finding of the study was that MSMA •• 8 ~ (cnvironmentally fricndl y drainage) was 5% less .. 
0 N 
than that of convent ional systems 
'" 
approaches arise from n:duCI:d mains water use 
and reduccd stormwatcr infrastructure ... ln 
addition. the case study dcmonstratl.:s that use of 
" 8 
WSUD source controls including rainwater 
" N tanks in new urban dcvclopmcnt"s otTers thc 
economically most efficient infrastructure 
solution providing benefi ts to thc community of 
up to $6B in the Lower Hunter Region and up to 
SS B in the Central Coast 
; ; 
< i§ grass swales system. grass swales appeared to ~ 
" N cost appro,,-imatcly a fifth of the cost over the 
; repon 
show th llt LID practices can reduce project COStS 
< ~ and improve cnviromncmal pcrfonnance. In 
~ 8 most cases. the case studies indicate that Ihe usc " .. of LID practices can he both fiscall y and 
Dt-nclicialto communilics. " 
A review oflhe <x:onomies of LID's in the USA. 
< ~ 
~ 8 It generally found . with notnbleexccptions that 











D.7 Life cycle costing 
D.7. 1 Introduction 
When considering the costs of a drainage system, 
whether it is a SU DS or conventional system, it is 
important to understand what type of analysis is 
being undertaken. This section outlines the basic 
approaches commonly used in internationally 10 
evaluate the costs - both financial and economic· 
of stormwater drainage systems. Three techniques 
are commonly used in eva luating the financial and 
economic aspects of SUDS and conventional 
drainage systems: 
• Analysis of the capitaVconstruclion cost~ 
(CCA); 
• A comprehensive Benefit Cost Analysis 
(SeA); and 
• Analysis of the whole Life Cycle COSIS 
(LCCA). 
Each of these techniques has different advantages 
and short comings. Table D.5 oudines the 
differences between each approach. CCA is the 
si mplest to calculate where there is limited life 
cycle costing data. On the other hand the result 
would be of relative insignificance to the majority 
of stakeholders except potential developers who 
would be primarily concerned with capital 
expenditure. Section D. I emphasised the need to 
consider the whole life cycle of the SUDS system. 
It is therefore vital that the interests of all 
stakeholders be considered as part of the design 
process, especially when considering the economic: 
arguments. Should the system's owners, either city 
councils or private land owners, not be able to 
mainta in and operate the system, the system will 
potentially fail. Therefore a simple CCA analysis 
would be inappropriate. 
The BCA is the 1I10st comprehensive 
approacb, however it is difficult to undertake. The 
more complicated the authorisation process and 
detailed the studies required, the lower the potential 
that SUDS will appear as a viable option -
especially during economically unfavourab le times. 
The LCCA analysis, on the other hand, IS 
commonly used internationally and would be 
generally the most appropriate in South Africa. By 
considering all expenditure over the system 's life 
Appendix D: Life cycle costing of slonn .... '3ler management 
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cycle it ensures all stakeholders have a conceptual 
understanding of their total commitments. It is 
however important to recognise that there are a 
number of non· financ ial benefits to SUDS. These 
may be accounted for in a simplified economic life 
cycle cost analysis (Appendix E). 
Table O.S: Techniq ues for analysing drainage 
economics 
Comprchcnsi\'C analysis 
benefi ts and costs 
Considers whole life cycle 




time. and costs more 10 
Still excludes t'COnomie 
benefits of the construction 
Can be done on II case 
study basis. In SA rather 
unlikely as the systems aTt' 
not that old as to collect 
sufficient infonnation 
D.7.2 Ufe cycle costing 
Life Cycle Costing is "the systematic consideration 
of all relel'onl costs (lnd rCl'enllCS associOied willI 
the acquisition and ownership of an asset ·'. (Clift 
& Bourke, 1999). Life cycle costing essentially 
considers all the costs associated with an asset. In 
tenns of SUDS, this would include: design, 
construction, establishment of vegetation (SUD 
dependent), maintenance (i nspections, regular, 










(and any benefits) are all d iscounted to their present 
value. There are two possible Whole Life Cycle 
Costing analyses that may be undenaken viz. an 
economic or a fi nancia l analysis, as indicated in 
Figure 0.4. The environmental costs and benefits 
may be economically appraised and included in the 
analysis. Methods for appraising environmental 
goods and services are discussed in Section 0 .5. 
"""""" AppnI.l 
----
fmucill ........ ' 
Figurl' D.4: Economic and fin ancial appraisals 
(Lampl' et ai, 2005) 
D.7.2 Formulae 
Table 0.4, gives an overview of the calculations 
undertaken to calculate the present value of 
expend iture. To bring future expenditure to present 
value the expenditure is multiplied by the relevant 
discount factor, Equation 1. 
Where: 
I 
DF = (I + i)" 
DF - Discount Factor 
". Interest rate 
n - Period/year from present 
The total life cycle costs is the sum of all fu ture 
costs reduced to present value, as expressed in 
Equations 2. 
PI' = DFo(EXol + DFdEXd + ... + DFJEX,) 
Where: 
PI' - Present Value 
DF ,., Discount Factor 
EX - Expenditure 
= Interest rate 
n - Period/year from present 
Appendix 0 : Li fe cyc le costing of stonnwater management 
~---
D-10 
Table D.7.2 Present va lue calculations 
0 1.00 100 100 100 100 
0.94 100 9' 200 194 
2 0.89 100 89 300 284 
3 0.85 200 170 500 454 
... 25 0.26 100 26 3400 3500 
Benefi ts may be calculated in the same manner and 
subtracted from the present value costs. This would 
be considered the ' net present value'. 
D.7.3 Further reading 
Drainage Manual. (2007). Pretoria, South Africa: 
The South African National Roads Agency. 
DoCGT A (20 I 0). A /I !lI(luslly Gllide 10 sen /ice 
It.'l·els and IInit costs Department o!Cooperatiw? 
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It is imponant that the design process, and sele<:tion 
of alternative Stonllwater strategies is done in a fair 
manner. Appendix E lays o ut the procedure 10 
undertake such an analysis using a 'simplified 
economic model' (SEM) for SUDS selection, an 
Excel·based Simple Economic Model (SEM) was 
developed with four aims: 
i) Establ ish the life cycle costs of alternative 
drainage designs. 
ii) Account fo, d ifferences in 
environmental impacts on an ' equivalent 
and fair basis'. 
iii) Provide a simple method that may be 
applied to different sites within South 
Africa. 
iv) Present results in a manner that is accessible 
and understandable to the stakeholders. 
A set of step by step instructions for using the SEM 
are found in Appendix G. 
E.2 Overview of the SEM 
The SEM is a macro-enabled Excel workbook that 
can consider up to 12 groups of SuDS. For each 
technology the SEM considers: the total capital 
cost per technology/component including 
establishment costs for up to the first three years; 
the inspectio n costs; routine maintenance costs; 
irregu lar and corrective maintenance costs. It is 
possible to enter data for three different 
maintenance scenarios either from a maintenance 
E-2 
plan or making use of Appendix F to estimate the 
frequency of different tasks where there is a lack of 
local data. Additionally - and critically - the value 
of Environmental Goods and Services (EGS) are 
accounted for through the use of a ' Damage 
Avoidance Cost (DAC)' in the case of conventional 
systems. The DAC is an estimate of the minimum 
cost of treating Ihe stonnwater discharge to the 
receiving waters to a level equivalent to that 
provided by SUDS through the device of a vinual 
stormwater treatment works (the treatment works 
does not exist. it is merely a means to estimate the 
value of EGS expected fro m the receiving waters). 
The SEM can analyse stonnwater management 
systems over any period up to a maximum of 100 
years, although shaner analysis periods arc 
generally more appropriate. The program ensures 
that the maimenance schedule is ' reset' when a 
technology/component is replaced. With the aid of 
this SEM it is possible to quickly and fairly 
complete a comparative analysis of two very 
different drainage systems. The output of the SEM 
is a number of user-friendly comparati ve cham and 
tables. 
E.3 Computational stages in the 
SEM 
The model has three distinct computational stages 
as indicated in Figure I. The model may be applied 
in a number of ways: to compare a SUDS and a 
conventional design; to compare two SUDS 
designs (in which case Step 2a may be skipped) o r 
to consider the costs and benefits of a single SUDS 
design (in which case Step 2b may also be skipped 
resulting in a standard LCCA). 
Figurl' I. Computational stages ill the SEM 
Stage 1 a: Capital 
K (Desill.n. construction and establishment) Stag" I: \ Life Cycle Cost Appraisal Stag(' Ib: Operations & Maintenance 
(O&Ml 
Stag(' 2a: Damage Avoidance Cost 
(Accounls for quantity and quality managemt.."fll. For 
Stag(' 1: Environmental & Amenity Appraisal 
~ 
systems which filii to pecount for quantity and quality 
managemt.."fl t. E.g. ConventionBI systems) 
Stal,l(' 2b: Aeeounl for amenity benefits (e.g. lnereas<.'(! 
S131,l(' 3: Resu lts & Comparison of Systems land value. rccrePtionp\ opponunities etc.) 











E.3.! Stage! - Life Cycle Cost 
Appraisal: 
A design fo r the site is developed. AJI costs over a 
common life cycle are reduced 10 their present 
value. The life cycle analysis considers different 
maintenance regimes, i.e. High, Medium and Low 
maintenance for both SUDS and conventional 
designs, as different maintenance regimes may 
result in different outcomes. It is possible 10 enter 
data for three different maintenance scenarios 
either f.rom a maintenance plan or making use of 
Appendix F to estimate the frequency of different 
tasks where there is a lack of local data. It is also 
important 10 recognize thai different dminage 
systems cannot be compared at component level as, 
for example. a green roof cannot be directly 
compared with a conduit which would convey an 
equi valent roofs runoff to the municipal stonn 
sewer, as the value of the municipal stonn sewer 
would also need to be considered. Proposals need 
to be considered as whole systems and oot 
individual componems. 
E3.2 Stage 2 - Environmental & 
Amenity Appraisal: 
Stage I provides LCCAs of the monetary aspects. 
Stage 2 considers the non-monetary aspects. For 
comparison with conventional systems the EGS 
supplied by SUDS, but not convemional systems, 
need to bc considered. The EGS are valued using 
the DAC tool described below. The DAC tool 
calculates an annual environmental cost to 
substitute for the fact that the environmem is 
continuously treating and managing runoff from 
conventional systems. The SEM then reduces the 
costs to their present value. One shortcoming is that 
SUDS cater for water quali ty, quanti ty and amenity 
whi lst the DAC tool only considers water quality 
and quantity. Where local data is avai lable for the 
valuation of the amenity this can be entered imo the 
model. All systems are now being considered on a 
'fair and equivalent basis'. 
E.3.3 Stage 3 - Results & Comparison 
of Systems: 
The process outlined in Figure I should be 
completed for each proposed design, ensuring that 
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all designs are developed to manage the same 
design stonn. The SEM aims to compare the 
systems in a transparent manner and thus the 
different cost elements are presented separately as 
indicated in Table I . This also allows for a 
comparison of the two systems from a number of 
different perspectives, i.e. the capital costs - which 
are of particular interest for developers, the 
environmental costs - which are of particular 
interest for environmentalists, and the maintenance 
costs - which are of particular interest for the 
property owners. Sensitivity analyses may also be 
undertaken, for example by varying the discount 
rate and/or level of maintenance. 
Table I. Comparing a SUDS system with a 
conventional system 
~r' ,,""';)/1 "''I" ." ~ fl • • ; "" '~H._ ..... ~., . ·~)oLt ,- < ",'''',- j: "' .. {', .... ". :'''", 
~·ii1~~~~ ~' ;t ~\~<-!J 
, Capital Costs R XXXX RXXXX , b O&M (PV) RXXXX R XXXX 
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Amenity (local 






E.4 The Damage Avoidance Cost 
(DAC) tool 
The valuation of EGS is the most significant 
feature of the SEM as it allows for SUDS and 
conventional stonnwater management systems to 
be fairl y compared. While many tools are available 
for completing Stage I, few are available for 
completing Stage 2. The DAC tool provides a 
quick, conceptual estimate of the EGS. This tool 
applies the 'Substitute Cost Principle' in valuing 
the EGS in the fonn of the quantity management 
and qual ity treatment supplied by SUDS system. 
The assumption is then made that conventional 










form of EGS, onto the environment at large. The 
value of the goods and services supplied by SUDS 
is calculated by considering the COSI of acquiring 
and managing a virtual treatment facility that 




and quantity management. Typical treatment 
objectives considered achievable by the City of 
Cape Town (2009) (or SUDS are presented in 
Table 2. 
Set tlement C hamber 
(Ensuring WQ") 
~~c=====£r~~~--------~D~e:':':n~,;:o:n~p;:o:n:d----------------C>'\ 
~ Flow divider (QCv) 
R"leased 10 water body al 
" prede\'elopmen,n rate 
<:~::::J~-------l 
~--~~(-----L(~~ 
Ground water r«harge Sa nd Filtration 
Figure 2. Sc hematic trealment train for \'irlu al treat ment works used to estimate the DAC 
Figure 2 presents a schematic treatment train for 
the virtual treatment works assumed by the SEM \0 
be the most cost-effective way of treating 
stormwater discharge from a conventional drainage 
system in order to meet the objectives described in 
Table 2. The water released to the receiving waters 
from such a fac il ity is of a similar quality to that 
expected From a SUDS system designed to meet the 
same objectives, hence the hypothetical cost of 
treating conventional cost in this way may be 
termed the ' Damage Avoidance Cost (DAC)·. Note 
that the virtual facility also allows for groundwater 
recharge, an important additional service offered by 
SUDS. 
The DAC needs to account for both water 
quality and quantity (total volume and flow rate). 
In South Africa the climatic conditions vary greatly 
from region to region. The model accounts for this 
by allowing the user to choose between one of live 
standard 24-oour design storms as appropriate for 
the sizing of the virtual treatment works. These 
include the four South African SCS StOmlS 
(Southern African adaptations of the United States 
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Soil Conservation Service design storms as 
described in Schmidt & Schulze ( 1987», and a 24 
hour constant precipitation storm. For the same 
storm volume, higher intensity stornlS require 
larger and more costly treatment facilities than 
lower intensity storms therefore the constant 
precipitation design storm is the least costly and the 
SA SCS Type 4 the most costly. Other parameters 
that may be varied include: the depth of runoff; the 
lag time and the discount rate. 
Table 2. Treatment objectives considered 


















In the computation of the DAC by the SEM, care 
was taken at a ll times 10 ensure the ' least cost 
principle' was adhered to. Over-estimation of the 
value of EGS is a cri ticism frequently leve lled at 
the Substi tute Cost Method. Opti mal perfomlance 
of each unit process was thus assumed. For 
simplicity sake, the model does assume a number 
of parameters that innuence the valuation of EGS. 
These are presented in Table 3. The three cri teria 
that should be mel to ensure the appropriate use of 
the Substitute Cost Method according to Pagiola et 
al (2004) are listed in Table 4 alongside the 
j ustification as to how the approach adopted in the 
DAC meets each one. 
Table 3. Fixed in put para meters in the DAC 
f",=" .-,.-.- ~.;,r If'~:' .~~. ~:'." a. 'r ~'-":'\4.'t ~I 
Flow Capacity Equals peak WQv 
Diversion Runoff 
Sedimentation Area 20010 of WQv 
Chamber 
Depth 2m max 
Filtration K (mls) O.6m1duy 
Chamber 
Depth of O.S m 
Filter 
Head over 2m 
Filter 
Detention Area Suffi cient to ensure 
Bas in detent ion of QCv 
Depth Max depth .. 2m; 
A venl~e Depth ,. 1m 
Outlet Orifice 
Effe<:tive 15ha Sets optimum size o f 
Impervious sand filter 
Area 
The calculation procedure for the DAC fo llows the 
process outlined in Figure 3. The initial parameters 
for the ana lysis are entered by the user in Step 1 
The model then automatically completes Steps 2 -
6. The order of the mode l's ca lculation procedure is 
signifi cant as it ensures that the facil ity' s use is 
optimized i.e. the treatment facility is fu lly utilized 
before the delention faci li ty is required, ensuring it 
is a ' least COSt alternative'. The hydrographs for the 
Water Quality volume (WQv) and Quantity Control 
volume (QCv) stonns are modelled. The treatment 
fa cility is sized to ensure that it has sufficient 
capacity based on the WQv Stonn. The QCv Stonn 
is routed through the facili ty and excess runoff that 
the quali ty treatment facili ty cannot manage is 
routed through a quantity control pond which 
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releases runoff at a reduced rate (30% of post 
development). 
Table 4. DAC J ustification 
t, . -. - L 7_ . ;c"'j' . -- .. . 
Equivalent The facility cnsuTCS equal trcatment 
Sen'ice: to a SUDS system as per Errorl 
Reference source not fou nd .. 
Least Cost: The DAC allempts to calculate the 
Icast cost of treating runoff from 
conventional systems using thc most 
appropriatc treatmt.'Tlt works - in this 
case an online sand filter connected 
to an offline detention pond. 
Willin gness to Thc "polluter pays" principle is 
Pay: widely accepted in law and therefore 
it is appropriate that the cost of 
treatment is accounted for. In 
convcntional systcms these costs urc 
extemalised onto the environment 
resulting in thc potential loss of 
natural capi taL It is likely thlll there 
will be resistance to service charges 
being levied for stonnwaler 
treatment measures but this is not an 
excuse for not doing so. 
Step 7 involves the separate calculation of the costs 
for treatment and the ' land-take ' . The land-take 
accounts for the fac t that real treatment facili ties 
would have to be located somewhere in the city and 
land will have to be acquired at some cost. The 
SEM allows for this cost to be included if so 
desired. 
The user calculates the fi nal DAC in Step 8. 
The fi nal DAC incl udes an amount for trealment 
and an amount for land-take (if desired). The 
virtual facili ty ini tially assumes a catchment with 
an effective impervious area (EIA) equal to 15ha -
an estimate of lhe area that will require a sand fi lter 
of roughly optimal size. This is to ensure that the 
cost of developing and operating the facility is 
based on the ' least cost principle ' . The costs 
(treatment and land· take) associated with EIAs 
larger or smaller than 15113 are then detemlined 
pro-rata. 
The fi nal DAC is then exponed to the main 












Model (DAC) calculation procedure User interface 
Step I ; Sct Parameters 
~ 
• Design Storm 
• Calchmenl tag time 
• Discount Rate S tep 2: Calculate WQv Hydrograph 
24 hour WQv Stonn depth • 
• 24 hour OCv S10ml deoth 
Step 3: Calculate QCv Hydrograph 
Step 4: 'Goal seeks' optimum treatment facil ity 
Step 8a: Dctcmline pro-rata DAC for lfealmcm size to meet WQv Stonn 
based on the costs for a 15ha EtA catchment 
I Step 5: Size Infil tration Chamber I ,---') Step 8b: Determine pr<rrata DAC for land-lake 'I' based on the costs for a 15ha EIA catchment 
Step 6: 'Goal Seeks' optimulll detention facility 
size (accounts for flow routing) Step 8e: Calculate tOlal DAC from the sum of 
DAC for treatment and DAC for land take. 
'" Step 7a: Calculates Life Cycle COStS for 
facility and reduces illO annualised cost (over .j, 
50 years) Le. the DAC for treatment 
-
Step 7b: Calculates land lake and reduces it to Step 9: E:'tport total DAC to SEM 
annualised cost (over 100 years) i.e. the DAC 
for land take 
Figure 3, OAC 1001 calculation prCH:edur(' 
E.S Conclusion 
It is becoming increasingly important 10 be able to 
compare different stormwater designs on an 
'equivalent and a fair basis'. LCCA's have failed to 
fair ly consider alternative designs, through failing 
to account for the EGS supplied by SUDS systems. 
Whi le the SEM presented above does not consider 
all aspects, it considers those most relevant to 
ensuring that the costs and benefits of different 
stormwaler management systems may be compared 
in a fair manner and in a way which may be 
understood by a wide varielY of stakeholders. 
The failure to consider the impact of 
e:'ttemalizing stormwater pollution from 
conventional systems is a common criticism of 
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most commonly used economic tools as this 
unfairly distorts the benefit to cost ratio away from 
SUDS. The SEM accounts for this through the use 
of a Damage A voidance Cost (DAC) based on the 
Substitute Cost Principle. 
The SEM offers a relatively simple method 
that accounts for the life cycle costs of 
conventional and SUDS systems while also 
considering impacls on the environment including: 
ground waler recharge, stonnwater quantity (flow 
and volume) management and stonnwater quality 
management. The spreadsheets which make up this 
model ensure it is accessible to a wide range of 
stakeholders further simplifying the method and 
removing one barrier to the wider application of 
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F.l Overview offact sheets 
Each fact sheet included herein contains a summary 
of the infonnation required to conduct a 
preliminary ' li fe cycle costing' analysis for a 
SUDS design. Each fact sheet contains the 
fol lowing information: 






Summary of capital costs; 
Summary of routine maintenance 
frequencies and costs; 
Summary of corrective maintenance 
predicted frequencies and costs; 
Predicted life cycle duration; and 
Conceptual val ue of environmental goods 
and services. 
The information contained in each of lhese sections 
is detailed below. Although the focus of this 
document is not conventional stonnwater drainage 
systems, components of conventional systems are 
often used as part o f a SUDS system. Additionally 
it is worth comparing the COSIS of each system. 
Therefore a section detailing the cost re lating to 
conventional systems has been included. Table F.I 
lists the available fact sheets corresponding to the 
twelve primary SUDS options included in the main 
text of the guidel ines. 
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Tab le F. I : Fact s heets SUDS options 
Fact sheelS SUDS Issessed 
Convemional des ,go InlclS, outlets etc. 
Rainwater harves ting Rainwater harvesting 










Grass swale Swales (dry. wet, enhan.) 
Permeable pavem ents Permeable pavements 
Buffer strips 
Buffer & filter stn P' 
Filter strip 
,d, Detention ponds 
(dry. cnhan.) 
Dry stormwater po 
Wetlands 
Wetlands & wet P onds 
Wet ponds 
F.1.1 Summa ry of capital costs 
, section in the fact sheets detai ls The 'capital costs 
any problems th 
implementing spec 
impact on their ca 
construction are al 
at have be" experienced ;, 
ific SUDS options BOd th, 
pital costs. Typical unit ra tes for 
so presented. 
F. I.2 Summa ry of maintenance costs 
, routine maintenance "d 
ance frequencies that have been 
The inspections 
corrective mainten 
presented in this se 
largely based on w 
The results are p 
separately, and b 
worth noting that 
WERF website alo 
costing tools that m 
These frequencies 
individual SU DS 
associated COSIS w 
factors including: 
component design 
and corrective mat 
sourced from bui l 
with members of 
ction in the fact sheelS, and are 
ork done by Lampe el al (2005). 
resented fo r the USA and UK 
ased on the USA fonnat. It is 
this study is available on the 
ng with a sel of MS Excel based 
akes use of data from the USA. 
reflect typical freque ncies for 
I, reality frequencies "d 
ill be dependent on a number of 
land use, climate, treatment train, 
etc. In addition, typical ' routine 
·ntenance costs. These have been 
ders pricing guides, discuss ions 












and a range of recent tenders from across South 
Africa. 
F.l .3 Predicted life cycle costs 
Lampe el 01 (2005) failed to identify potential life 
cycles for individual SUDS, rather leaving this to 
the individual to assess. Due to the relative 
inexperience in South Africa, this section in the 
fact sheets presents a number of Life cycles as 
sourced from international literature. These should 
be applied after considerations of the local 
conditions verse those found in the country of 
origin . Explanations of possible mainlenance 
activities for each SUDS option is included in the 
main body of the guidelines. 
F.1.4 Typical rates 
The typical rates for capital costs presented in the 
fact sheets are estimates that are largely based on 
DoCGTA (2010), and checked against recent 
tenders, and industry pricing manuals (Merkels & 
Buildaid). The 'Gauteng prices' used can be 
adjusted in line with the MIG Guidel ines for other 
provinces, although adjustments will be within the 
range of uncertainty, and thus for a conceptual 
understanding of the costs, may be unnecessary. 
With landscaping costs, identifying typical unit 
rates is difficult as it is dependent on the 
contractors and how they detennine their rates. 
Additionally the cost of vegetation varies 
significantly. Grass is a prime example. Buffalo 
sometimes costs more than R50 per square meter in 
2010, whereas Kikuyu was typically less than half 
that at R20 a square meter. For swales and buffer 
strips this could have major cost implications as 
grassing is a significant cost factor. It was decided 
that the MIG guidel ines should guide the typical 
rales, as this was based on an extensive research 
and stakeholder input. All rates exclude VAT, 
P&G's, and consulting/design fees. The typical 
rates presented for operations and maintenance 
have been collected from Ihe municipality and 
finns within the city of Cape Town. 
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F.2 Conventiona l drainage 
system fact sheet 
F.2.1 Municipal Infrastructure Grant 
(MIG) Manual 
F.2.1.t Capital costs 
The MIG Manual 20 10 provides estimates of 
capital construction costs for a range of 
infrastruclural development, including a number of 
stonnwater components, Table F.2.1. The estimates 
are built up from typical unit rates. The estimates 
are deficient in that there are no estimales for pipes 
smaller than 600 mm diameter. The manual does 
however supply a deta iled breakdown of the typical 
rates on which the cost estimates were based. This 
is a very useful database for estimations of typical 
unit rates and can be used to build up estimates for 
varying diameters. 
T able F.2.1: Ca pita l costs for conventional 
dra inage design - Aug 2009 (DoCGT A, 2010) 
A .... Unl. Avtncecost 
R'. (Caulene ) 
Unl ined m 234 
Lined m 77. 
Pipe culverts (600 mm 
3,643 
diameter; Class 1000) 
m 
Box culverts ( 1500 mm x 
1500 mm) 
m 17, 183 
Low level stream crossings m 58,379 
Dewatering (subsoil) m 5,115 
Gabions m' 1.339 
Reno Mattresses m' 1,582 
F.2.1 .2 Maintenance 
The DPLG presented a set of operating and 
maintenance estimates as a percenlage of the 
Curren! Replacement Cost of the infrastructure, as 
shown in Table F.2.2. These do not however seem 
to be particularly good estimates when compared to 
the costs of the tasks required to maintain such 
systems. Additionally no information or reference 
is given for the origin of these estimates. Hence 
while simple to use, there is the potential that these 
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estimates underestimate the costs of maintaining a 
conventional system. 
F.2.3.1 Application of M IG estimates 
The data and the detail that it is supplied in the 
20 10 MIG manual allows for this data to be used 
for determining estimates of capital costs. The 
esti mates supplied in the 2006 Guidelines for 
Infrastructure Management shou ld not, if at aU 
possible, be used to estimate the life cycle costs of 
a conveDlional system as they are prone to 
underestimate these costs. Instead estimates shou ld 
be made by calculat ing the costs for cleaning, 
minor repairs and inspections. Where data is not 
available, and us ing the MIG estimntes for 
operating and maintenance costs cannot be 
avoided. the uncenainty in these values should be 
clearly noted. It is also important to consider the 
externalisation of the costs of managing stormwater 
onto the environment. 
Ta ble F.2.2: Opera ting & Maintena nce Costs 
(DPLC, 2006) 
A ... , Ope ..... Ma inL 
(%CRC) (%CRC) 
Open Channels -Lined 0 1.4 
Open Channels - Unlined 0 10 
Pipes (<600 mm Diameter) 0 0.65 
Pipes (>600 mm Diameter) 0 0.35 
Nodes and Transitions 0 1 
Erosion Protections 0 1.25 
Hydrological Monitoring and 
0 1.5 
measurement Equipment 
Ponds 0 0.35 
Pump station Mechanical plant 2 4 .• 
Pump station Electrical plant 3 2.3 
Pump station Civil plant 0.1 0.5 
F.2.2 Capital costs 
F.2.2.1 Algorithm estimates 
Bester et al. (2010) presents a set of simple to 
apply algori thms including all components 










cost of manholes, for example, is averaged over the 
length of the pipe line. The study effectively 
averaged the values of many successful ten~ers 
(Bester, 2010). These are relatively useful formulae 
and will give an indication of an average cost for 
constructing a gravity sewer system. They do not 
account for local factors and this should be noted 
when they are applied. Additionally, these fonn ulae 
do nol consider aspects such as kerbs, catch pits 
and connections into the trunk line. These are 
important aspects that should be accounted for in 
any design. 
F.2.2 .2 Bottom-up estimates 
The alternative to making use of algorithms such as 
those above is to build up the costs considering a ll 
the individual aspects. Narayanan & Pitt (2005), 
presenled a simple model fo r this purpose. 
Alternatively a Quantity Surveyor should be 
consulted. 
F.2.3 Operations & maintenance 
F.2.3.1 Inspections 
Conventional stonnwater systems require 
inspections to ensure that they are being optimally 
managed and to identity potential failures before 
they occur. Table F.2 .3 cOnla ins inspection 
estimates for conventional des igns. 





Catch pits 6 - 12 
Conduits 120-1 ,200 
Lined channels 12 
Unlined channels 6 ·1 2 
Maintained watercourses 12 
Intakes I headwalls 6· 12 
Vlcis and wetlands 12 
Ponds 12 
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F.2.3.2 Routine maintenance 
Routine Maintenance comprises the cleaning of the 
infrastructure, and where necessary, the 
management of vegetation and the removal of 
sedi ment. The frequencies, in Table F.2.4, supplied 
are guides and are dependent on a number of 
fac tors incl uding the pollution potential of the 
catchment. Note : the different levels of 
maintenance in a conventional system relate only to 
hydraulic functioning and public health concerns. 
They do not consider amenity aspects. 
Table F.2.4: Routine maintenance frequencies 
(Arter CSRM, (2005) 
Months betwff"n 
Asset description maintenance 
High Avrg. Low 
Connections 6 9 12 
Catch pi ts 6 8 12 
:s300 dianleter (mm) 3 16 24 
375 diameter (mm) 12 22 24 
450 diameter (mm) 24 24 24 
525 diameter (mm) 36 46 48 
600 diameter (mm) 48 48 48 
>600 diameter and box 
60 60 60 culverts (mm) 
Lined channels 1 6 12 
Unl ined channels 1 6 I2 
Maintained watercourses 4 9 12 
Intakes I headwalls I , 12 
Vleis and wetlands 6 10 12 
Ponds 6 10 12 
F.2.3.3 Corrcctive maintcnance 
Estimating the budget for corrective maintenance is 
difficult as it will be affected by the age of the 
system and the standards and levels of service to 
which Ihe local authority aspires. The City of Cape 
Town spends approximately 10% of its annual 
mai ntenance budget on " repairs" (Austin, 2010). 
This is a rough guide and is based on a sub optimal 
(low) routine maintenance operation related 10 










optimally maintained (high) this may be reduced to 
1% (estimate) of the annual maintenance budget. 
F .2.3 .4 Costs 
The fo llowing costs for inspections and routine 
maintenance, Table F.2.5 - F.2.6, have been 
sourced ITom recent tenders, and budgeting 
documents compiled by the City of Cape Town 's 
stonnwater department. Where applicable the rates 
have been adj usted to 20 10 Rand val ues. 




Units Rale (R) 
Catch pits Inspection IJO 
ConduitslPipes m 20-25 
Lined channels Inspection IJO 
Unlined channcls Inspection 130 
Maintained watercourses Inspection 160 
Intakes I headwalls Inspection 130 
Vleis and wetlands Inspection 210 
Ponds Inspection 180 
F.2.3.S Expected tlsefu l lives 
There are no generally agreed upon 'expected 
useful lives ' (EUL) for d iffere nt components of a 
conventiona l stonnwater system. Few municipal 
asset management plans will define the EUL, and 
where they do, the resul ts vary dramatically or are 
questionable. This is especia lly evident in South 
Africa where available Municipal Asset 
Management Plans wi ll estimate the EU L of a 
concrete pipe to be 40 years. International literature 
is also surprisi ng ly thin on EUL of conventional 
systems. For this reason only one set of EUL is 
quoted here. These are from a re<:ent study in South 
Australia by Tonkin Engineering Science. The 
study looked at the CUlTent Asset Management 
strategies. Each sample represents a local authority 
which contributed. The results relating to 
stonnwater are presented in Table F.2.7. It is worth 
noting that where assets are not actively managed, 
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their EU L may deteriorate far sooner than expected 
(Narayanan & Pitt. 2005). 




Unit! Rate (R) 
Connections No. 63 
Catch pits No. 60 
900 diameter (mm) m " 
375 diameter (mm) m 60 
450 diametcr (mm) m 60 
525 diameter (mm) m 80 
600 diametcr(mm) m 80 




Box Culvert m 350 
Lined channcls m 37 
Unlincd chllnnels m 47 
Maintained watcrcour5CS m 280 
Intakes I headwalls No. 200 
Vleis and wetlands H. 5.800 
Ponds m' 1.3 
Tab le F.2.7 : EUL o r Stormwate r netwo rk 
co mpo nents (Ellis & Ca llag han, 2009) 
Asset councils Min. M.s. Median 
Rep 8 50 100 100 
FRC Pipe 4 80 100 100 
UPVC 5 20 100 80 
Box Culvert 6 50 100 75 
Side Entry Pit 4 50 80 55 
Junction Box 4 50 80 55 
Headwall 5 50 80 50 
Lined Channel 4 50 100 80 










F.2.3.6 Further reading 
Debo, T & Reese, AJ, 2003, Municipal Storm water 
Management, Lewis Publishers, Boca Raton 
Drainage Manual. (2007). Pretoria, South Africa: 
The South African National Roads Agency. 
DoCGTA. (2010). An Industry Guide To 
Infrastructure Guide To Service Levels And 
Unit Costs. Department of Cooperative 
Governance and Traditional Affairs 
Ellis, R., & Callaghan, P. (2009). Infrastructure 
Asset Useful Lives - SA Councils Current 
Practises. Tonkin Engineering Science. 
Woods-Ballard, B, Kellagher, R, Martin, P, 
Jefferies, C, Bray, R & Shaffer, P, 2007, The 
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F.3 Rainwater harvesting 
Rainwater harvesting is the collection, storage and 
reuse of stonnwater runoff. 
F.3. 1 Capital costs 
The capital costs 3rc comprised of the storage unit, 
the additional piping and guttering required to 
convey the water storage unit. Additionally a ' first 
flush filter' is recommended to prevent the storage 
unit becoming filled with sediments and debris. 
Where required a booster pump may be added, 
however Ihis is for convenience and are not 
required for the Slonnwater management aspects of 
this system. 
F.3.2 Inspections 
The system shou ld be inspected regularly to ensure 
that the first flush divcrtcr is emptied. This will 
protect the rest of system from sediments and 
debris. The storage unit should be checked to 
ensure sedi ments have not built up. These tasks can 
be undenaken quickly and simultaneously. Table 
F.3.1 displays inspection frequencies for rainwater 
harvesting systems. 
Table F.3.1 : Inspection frequencies (mont hs) 
T.sk Source Low M .... Hiah 
Inspection 
WSUD Practisc 
6 4.' J Note 4 
F.3.3 Routine maintenance 
In order to protect the system from a bui ld-up of 
sediments the gutters upstream need to be cleaned, 
as well as the First Flush device. The roof 
catchment area should also be maintained and kept 
free of a build-up of pollutants. Table F.3.2 
displays routine maintenance frequencies for 
rainwater harvesting systems. 
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Table F.J .2: Routine mai ntenance frequencies 
(months) 
r .. k Source Low Med. Hia h 
Gutter Estimate 12 12 6 
First Flush WSUD Practise 
6 4.' 1 Device Note 4 
Roof 
Factors such as the type of roof, height 
Cleaning 
above ground. use of water need to he: 
considered. 
F.3.4 Irregular & corrective 
maintenance 
The system is fairly robust, but sediment will build 
up, albeit slowly if the rest of the system is 
maintained properly. Where maintenance is poor 
the nile al which sediment will be needed to be 
removed will increase for the system to funct ion 
properly. Table F.3.3 displays irregular 
maintenance frequencies for rainwater harvesting 
systems. 
Table F.3.3: Irregula r maint enance frequencies 
(yea rs) 
T .. k Source Low M .... Hilh 
WSUD Practisc 
10 Sediment Note 4 
Removal 
Estimate , 2 
F.3.S Expected useful life (EUL) 
The EUL of the system is detennined by the EUL 
of the rainwater tank. Therefore with proper 
maintenance and no un foreseen damage the system 
should last beyond the EUL's shown below. Table 
F.3.4 displays the EUL for rainwater harvesting 
systems. 
Table F.3.4: Expected useful life 
Subjel'1 MUSIC N.r.y.n.n 











F.3.6 Typical unit rates 
The costs of constructing the system are based 
upon those ora 'yard tank' connected to the guners 
on a house (OoCGT A, 20 I 0), with the addition of a 
first flush filter. While it may not be necessary 10 
raise the rain water harvesting tank, there are a 
number of reasons for doing so, including the 
ability to pipe the stored water using gravity, 
negating the need for a pumping system. Table 
F.3.S displays typical construction rates for 
rainwater harvesting systems. 
Table F.3.5: Typica l const ruction rates 
DHc:riptioD Units ..... 
Supply and install 5000 litre 
No 14,284 
"Tank~fWatcr Bult (P&G's = 15%) 
Supply and install 5000 litre 
"Tank~lWalcr Bult (no Stand) No 7,672 
(P&G's - 15%) 
Supply & InSlal1 First Flush Device No 1,800 
Maintenance costs refl ect estimates of the costs 
were a contractor to be responsible for the 
maintenance of a system. Rainwater harvesting can 
easily be maintained by the home owner. Table 
F.3.6 displays typical rates for maintenance for 
rainwater harvesting systems. 
Table F.3.6: Typical rates for mai ntenan ce 
Description Unit Rate (R) 
Inspections Visit 160 







Roof cleaning m' 0.75 (exci. 
water used) 
Sediment removal on' 71 












F.4 Grecn roofs 
Green roofs are roofs designed to cany a vegetated 
layer that lies on the surface of roof. It may be 
composed of vegetat ion - from grass species to 
small shrubs. 
FA.1 Capital costs 
The capital costs for a green roof vary widely 
depending on whether it is a modular or direct 
application, whether it includes or excludes 
insulation, and the height above the ground at 
which it is to be constructed. All these factors and 
their impact on the maintenance of the system need 
to be taken into account. 
F.4.2 Inspections 
Green roofs are effectively elevated bio-retention 
areas, and although the Lampe et 01 (2005) report 
does not specify an inspection schedule for them a 
reasonable approximation is that of small scalelbio 
retention SUDS. Additionally after big slonn 
events it is advisable to ensure the system drains 
within the required time by checking the inspect ion 
chambers. Table FA.I displays inspection 
frequencies for green roofs. 
Table F.4.1: Inspeetion frequencies (mont hs) 
Source Low Mrd. nigh 
Lampe el al UK 0 36 12 
Lampe et al USA 36 6 I 
F.4.3 Routine maintenance 
"The different vegetalive roofing system 
manufacturers have different maintenance 
recommendations, so il depends on the system 
you're instaJling ... it depends on intensive versus 
extensive. II depends on buill in place versus 
modlllar" (Malt, 2009). Routine maintenance is 
primarily about vegetation management, and the 
replacement of soi l that is lost due to ;'erosion", be 
it water or wind erosion. While the system is being 
established it may also include the replacement of 
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plants that do not survive. Table FA.2 displays 
routine maintenance frequencies for green roofs. 
Table F.4.2: Routine maintenance frequencies 
(mo nths) 
Task Sourre Low 
Litter Lampe el 
12 
Management al UK 
Management of Lampe el 
6 





F.4.4 lrregular & corrective 
maintenance 




Corrective maintenance is generally concerned 
with the management of the roors water proofing 
layers and management/unblocking of the drainage 
layer. Table FA.3 displays irregu lar maintenance 
frequencies for green roofs. 
Table F.4.3: Irregular Maintenance Frequencies 
(months) 
Task Low I M .... I High 
Repair waterproof Dependent on quality of 
layer construction, and site factors 
Replace soil Site specific 
F.4.S Expected useful life (EUL) 
The expected life of a system is determined in the 
design phase. It is dependent on the type of system-
modular, or direct application- and the type of 
vegetation. (Narayanan & Pitt, 2005) showed how 
three different green roofs had varying EUL's or 
between 10 and 40 years simply due to the design 
selected. Table FAA displays the EUL for green 
roofs. 
Table FAA : Expected Use(ulUfe 
Subjett Narayanan Flshrr dill. ( 











F.4.6 Typical unit rates 
Maintenance costs, as with construction costs, will 
vary depending on the accessibili ty of the roof, the 
function of the roof, and the scale of the project. 
Households with easy accessibility could 
potentially be managed by the homeowner at no 
additional cost. Table FA.5 displays typical 
construction rates for green roofs. Table F.4.6 
displays Iypical maintenance rates for green roofs. 




Dcrbigum $1'4 Waterproof layer m' 174 
Aggregate m' '" 
Goo Text ile (Filter Fabric· Bidim) m' 21 
Inspection Eyes ". 102 
Plam Laycr/vc:getlllion m' 46 
Top soil Supplied by contractor, m' 161 
Spread in l OO-200mm thick layers 
Plants Supplied & planted m' 46 
Supply and add mulch to shrub areas m' 62 
(20rnm) 
Grassing per m2 m' 20-50 
Crane Bire - all terrain hydraulic 
d,y 45" crane:, 18 ton 
Grecn Roof Estimate· Height not m' 444 
accounted for (UNAF) 
Gree:n Roof Estimate: (GRPP) - m' 400 
Dire:ct application (HNAF) 
Gree:n Roof Estimate • ORPP · m' 480 
Modular applie:ation (HNAF) 
Table F.4.6 : Typica l ma intena nce rates 
Dmriptlon Unit Rate (R) 
Inspections Visit 210 
Litte:r & ve:getation Visit& 2.00· 
management m' 2.40 
Soil replacement m' 161 
Repair of water proofl aycr Dcpendent on damagc 














F.S Infiltration trenches and 
soakaways 
Infiltration trenches and soakaways essentially 
operate in the same manner. The purpose of these 
SUDS is to collect, 510re and infiltrate runoff. They 
are commonly constructed as trenches filled with 
void formi ng media· stonc. Fi ller trenches are nOI 
the same as infiltration trenches, although in design 
they are similar. Filler trenches are designed to 
convey runoff and therefore often have perforated 
pipes running their length, infiltration trenches 
generally do nol. 
F.S.I Capital costs 
The design is relatively standard, while the "void 
(onner" - be it aggregate or ge<reelluiar units -
may impact on the cost and efficiency of the 
design. Sub surface (generally soaknways) needs to 
include an overflow. Filter trench costs may be 
estimated, allhough it is necessary to include the 
perforated pipe. 
F.S.2 Inspections 
lnspections should be undertaken to ensure the 
system is draining within the design period. This is 
accomplished through regu lar inspections as well 
as inspections after large stonn events. Once it is 
no longer draining effectively corrective 
maintenance should be undertaken . Table F.5. 1 
displays the inspection frequencies for infiltration 
trenches and soakaways. 
Table F.S.I : Inspection frequencies (mont.h s) 
Source Low M .... High 
Lampe el oJ UK 36 12 3 
Lampe el uJ USA >36 12 
F.S.3 Routine maintenance 
As these systems are sub surface, it is often 
difficult to access them for maintenance. Routine 
maintenance therefore considers the immediate 
surroundings and comprises litter and vegetation 
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management. Vegetation management is important 
to prevent the geo-synthetic layer being breached 
which could lead to the clogging of the system. 
Additionally some fonn of pre-treatment is 
advisable - swale/ filter strip - as it will decrease 
the sed iment loads, decreasing the sediment 
entering the SUDS option. Table F.52 displays 
routine maintenance frequencies fo r infiltration 
trenches and soakaways. 
Table F.S.2: Rout.ine Maintenance Frequencies 
(months) 
















36 6· 12 




Corrective maintenance is generally undertaken 
when the system is no longer disposing of the 
runoff in the required time. This can be done in one 
of two ways. Either the entire system is replaced, or 
the top layer (gravel and geo-synthetic) are 
removed and replaced. This assumes that the rest of 
the system is not clogged - dependent on design. 
The WERF, (2005) UK maintenance report states 
that it does not expect climate to affect the 
maintenance of this SUD. As is evident from the 
EUL' s below the UK estimates seem to be overly 
hopeful. Table F.5 .3 d isplays the irregu lar 











Table F.5.3: Irregular Maintenance Frequencies 
(months) 
Task Source Low Med. lligh 
Routine Lom", 
scarifying of el ol 480 240 120 
top layer UK 
Overhaul Lom", 
system el ol 60 48 18 
US 
F.S.S Expected useful life (EUL) 
A range of EUL's are possible. This is mainly due 
to the poor reputation of the system, a direct result 
of poor maintenance internationally. MUSIC 
considers a EUL (Professional opinion) of so years. 
While this may be possible, case studies with this 
EUL are rare, additionally poor maintenance leads 
these systems to premature failure. Table F.S,4 
displays the EUL for infiltration trenches and 
soakaways. 
Table F.SA: Expected userullire 
EPA In Jefferies MUSIC rllWA 
Design Life 5- 15 20-50 JO 
F.S.6 Typical unit rates 
Table F.S.5 d isplays typical construct ion rates for 
green roofs. Table F.S.6 displays typical 
maintenance rates for infiltration trenches and 
soakaways. 
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Clear and Remove Topsoil m' 7 
Cut to Spoi l m' 82 
Surface bed preparotion m' 34 
Goo Textile (Filter Fabric - Oidim) m' 21 
~Chamber" . . 
Stone Fill (Different Diameters: see m' 266 pcnncable paving) 
Building sand m' 343 
Supply Wld Lay I60mm slolloo 
m 64 
drainage pipe 
~Sub Surfacc"/Soakaways . . 
Topsoiling of verge areas m' 6 
Grassing per m2 m' 20 - 50 
StWldard surface Infiltration m' m 
Trench (30% Voids rolio) 
Table F.S.6: Typical maintenance rates 
Description Unit Ratt' (R) 
Inspections Visit 180 
Litter & Vegetation 
Ivisit.m2 2 
Management 
Overhaul top layer ( to m' 42 
goosynthetie) 











F_6 Bio-retention I rain gardens Table F.6.2: Routi ne maintenance freq uencies 
(months) 
Bio retention cells aod ' rain gardens' a" 
engineered gardens that detain, treat and infil trate T.sk Souru Low III .... High 
runot[ They may include an under drain 
connecting into the municipal sewer. Litter Lam"" 





F.6.1 Capital costs elo/ " 4 1 Management UK 
The capital com are comprised of excavation, layer 
works, and landscaping. Additionally when an Vegetat ion Lam"" 
under drain is incl uded the costs of connecting to 
and Liller e l al 3" 6-12 1 
Management USA 
the municipal sewer must be considered 
F.6.2 Inspections 
F.6.4 Irregular & corrective 
maintenance 
As with all SUDS of this nature, regular 
inspections are necessary. both to ensure that litter, 
Corrective maintenance, which comprises 
sedimentation and excessive vegetation does not management of accumulated sed iment, ;s 
impact on the systems functioning, and to ensure dependent on upstream sediment management. 
that the system is functioning properly during and Additionally if the 8io retention unit does not drain 
after large stonn events. Table F.6. 1 displays 
within the design period (24-36 hrs) there may be a 
inspection frequencies for bio-retention areas. 
need to either cultivate/scarify the top soil layers or 
overhaul the system. Table F.6.3 displays irregular 
maintenance freq uencies for bio-retention systems. 
T able F.6.1 : Inspection Frequencies (months) 
Source Low Meet. Higb Table F.6.3: Irregu la r maint enance frequencies 
(months) 
Lampe et al UK 24 " 1 Lampe el al USA 3" " 1 Sourn Low III .... Higb Lampe el al USA 1200 78 18 
F.6.3 Routine main tenance 
Routine maintenance is considered to be equivalent F.6.S Expected useful life (EUL) 
to any other small SUD, and comprises liller and As with other SUDS systems there is extensive 
vegetation management. The position ;n Ihe variation with respect to the EUL of the system. It 
treatment train is important, and where possible, ;s imponant 10 consider Ihe soil condit ions, 
pre-treatment shou ld be included 10 remove catchment areas, and treatment train design and 
sediment. Table F.6.2 displays routine maintenance maintenance schedule. If possible the bio retention 
frequencies for bio-retention systems. cell should be preceded by a small swale, filt er 
strip. or sediment bay. Table F.6.4 displays the 
EUL for bio-retention areas. 
Tab le F.6.4: Expected Usd ul Life 
Subjtct MUSIC NlraYlnl1i 
Design life 25-50 years 20 used in model 
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F.6.6 Typical Unit Rates 
Table F.6.5 displays typical conSiruction rates for 
green roofs. Table F.6.6 displays typical 
maintenance rates for bio-relcnlion areas. 
Table F.6.S: Typica l construction rates 
Description Uniu Ra" 
(R) 
Clear and RcmO\'c Topsoil m' 7 
Cut to Spoil m' 82 
300-)00 stone drain covered in 
159 
Geofabric (1l Omm dmincx pipe) 
m 
Backfilling with selected material m' 12l 
Top soil Supplied by contractor, m' 161 
Spread in lOO-200mm thick layers 
Plants Supplied & planted m' 46 
Supply and add mulch to shrub m' 62 
areas (20rnm) 
Surrounding Areas: 
Top soiling of verge areas m' 6 
Grassing per m2 m' 20 - 50 
Uni t rate for Dio retention Garden m' 407 
Irrigation per m2 m' 19 




Inspections Visit 210 
Utter & Vegetation Management !visit. H IO· 
(Quaner]),} m' 2.40 
Sediment Removal m' 71 













F.7 Permeable pavements 
Pemlcable pavements allow water to percolate 
through them. Often the runoff is the detained in a 
storage unit from where it either infiltrates or is 
released at a reduced flow rate. 
F.7.l Capital costs 
Capital costs are dependent on the speci fi c design, 
whether it is a fu ll infiltration, part ial infiltration or 
fully contained system. For part ial or full 
infiltration systems it is important that the oUliel be 
sized correctly. Additionally the connection of the 
outlet into the municipal sewer will resull in an 
additional cost. 
F.7.2 Inspections 
Permeable pavements require inspections 10 ensure 
thal lhe system is being optimally managed. Further 
inspections should be carried out after storm events 
to ensure that it is still operating within design 
limits. Table F.7. 1 d isplays inspection freq uencies 
fo r penneable pavements. 
Ta ble F.7.1: Inspection frequencies (mont hs) 
Sourc:t' 
f- Lampe el 01 UK 







F.7.3 Routine maintenance 
High 
The routine management of litter, solid waste and 
vegetation to prevent the system clogging is 
required. Sweeping has been shown to dramatically 
increase the function ing of the system. Table F. 7.2 
displays routine maintenance frequencies for 
permeable pavements. 
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Table F.7.2: Routine ma intenance frequ encies 
(month s) 
Task Source Low M"'. 
Litter 
Lorn", 
el ol 60 12 
management UK 
Lampe 
Sweeping elof 12 6 
UK 
Sweeping and Lorn", 
Litter el af J6 6- 12 
Management US 






Corrective maintenance is as for any CBP 
pavement and entai ls fixing any local pavement 
fai lures. Due to the wide variation resulting from 
different uses and quality of construct ion it is 
d ifficult to estimate frequencies. Another task is the 
removal of sediment collected in the pavement 
Sediment should partially be managed through 
routine sweeping. Once clogged the system may 
need to be cleaned using a vacuum cleaner - not 
available in RSA- or partially overhauled. Current 
evidence from Australia indicates the majority of 
sediments are collected in the top 2Smm of the 
paving layer works; hence this could be removed 
and replaced. Table F.7.3 d isplays irregular 
maintenance frequencies for permeable pavements. 
Table F.7.3: Irregula r Ma intena nce (months) 
Task Source Low I Med. I High 
Sediment Lampe 
Removal et 01 US 
Highly variable 15 yn: (0-20) 
F.7.S Expected Useful Life 
The des ign lives listed below relate to the system 
clogging. Evidence from Australia indicates only 
the. top 25mm of the system would need to be 
overhau led, for the system to function properly 











Tab le F.7.4: Expected UserulUre 
Jdferin,C Shacktl 
Design 15·20 before > 10ycars based on current 
Life clogging research at I 0 years 
F.7.6 Typical Unit Rates 
Table F.7.5 displays typical construction rates for 
green roofs. Table F.7.6 displays typical 
maintenance rales for penneable pavements. 




Cut to Fill m' J. 
Cut to Spoil m' 7. 




Supply, install and compact 250 mm 
thick, 10·63 mm course aggregate, m' 244 
no fin e 
Supply. install and compact 100 mm 
thick, 5 . 20 mm course aggregate, no m' 287 
fines. 
Supply. install and compact 50 mm 
thick, 5 mm course aggregates, no m' 275 
fines. 
Supply and install 50 kN/m Rock 
Grid, PC Range 2.6 mm thick m' 4. 
Geosynthctie 
Supply and lay 160mm diameter 
M 64 
Gcopipe • Subsurface drainage 
AquafiolV pcnncable paving blocks 
200X I IOX80mm. 50 Mr a as per m' "5 INCA· eolour:lnfiltration rate: 2.5 [ 
Isec/m' 
Connection for sub-surface drainage 
No 51 
into existing stonnlVater network 
Kerbing: 
Kerbing and Channell ing straight m "6 
Kerbing and Channelling curves m 18 1 
Penneable Paving unit rate (P&G's - m' 450 
15%) 
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Inspections Visi t 180 
Sweeping lvisit.m2 0.05·0. 10 
Structural repairs m2 190 











F.8 Grass swale 
A swale is a shallow vegetated grass channel thai is 
designed to filter runoff as it conveys the runoff. 
The design can be modified to aid in infiltration by 
adding check dams and through additional layer 
works (Enhanced Dry swale). O&M is as for a 
grass swale although inspections would include 
checking the layer works are still draining properly, 
and the check dams have not been eroded. 
Swales can additionally be designed to 
ensure biological treatment i.e. wet swales which 
do not drain entirely. and through vegetation 
selection. Operations and maintenance or the 
associated with pocket wetlands and retention 
ponds may be reduced through the effective use of 
swales to remove sediments. 
F.S. l Capital costs 
A grass swale is re latively si mple 10 construct as 
they are e ffectively trapezoidal grassed channels. 
Check dams may a lso be included and can be 
constructed from stone, or small 'gabion' walls. 
F.S.2 Inspections 
The swale should be inspected to prevent damage 
due to erosion and sediment build up. Swales are 
common ly used to remove sediment before it enters 
wet or underground SUDS, and thus sediment build 
up is an important aspect of the inspection. Table 
F.8.l displays inspection frequenc ies for grass 
swale. 
Table F.8. 1: Inspection frequencies ( months) 
Source Low M<d. High 
Lampe el 01 UK 24 6 
Lampe et 01 USA 36 6 
F.S.3 Routine maintenance 
Routine maintenance comprises of removing litter 
and cuning grass. Some sources suggest leaving the 
grass cutt ings, however during the rainy season this 
is unadvisable as it will become a pollutant and 
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block downstream SUDS. Table F.8.2 displays 
routine maintenance frequencies for grass swale. 
Table F.8.2 : Routine Maintenance (months) 
Tu' Sourc. Low Meet. 
Litter Lampeel 
12 





Grass Cutt ing, 
weeding and Lampeel 
36 
Lilter of USA 
Management 






Corrective maintenance is limited to sediment 
removal when sediment begins impacting on the 
hydraulic capacity of the swale i.e. 10% of 
heighllequivalent of over board or according to 
design specifications. Erosion management is also 
vi tal and any signs of erosion should be dealt with 
to prevent compounding the damage in future 
stonn events. Table F.8.3 displays irregular 
maintenance frequenc ies for grass swa le. 
Table F.8.3 : Irregular Maintenance Freque ncies 
(months) 
Task Source Low High 
Erosion and Lampe 
Sediment et of 121\0 78 18 
Management USA 
F.B.S Expected useful life (EUL) 
A well maintained swale has the potential to last 
inde fin ite ly. Literature however indicates swales 
may have service lives ranging from 10·50 years. 
Enhanced swales especially may require extensive 
layer works to reinstate. Table F.8.4 displays the 











Table r.SA: Expected Usefu l Lire 
JefTI'TiH. C MUSIC rHWA 
Design Life 10 years 25·50 years 20-50 years 
F.S.6 Typical unit rates 
Table F.8.5 displays typical construction rates for 
green roofs. Table F.8.6 displays lyplcal 
maintenance rates fo r grass swale. 
Table F.8.S: Typical construction rales 
~crlptlon Units "' .. 
(R) 
Clear and Grub m' 4 
Strip and Remove Topsoil m' 27 
CuI 10 Spoil m' 82 
Trimming Side Druins to Profile. m 27 
Compact 
Levell ing Verges m 19 
Grassing m' 20-50 
Swale per m (P&G's - \ 5%) m 305 
Construct Scour Prota::l ion (steep E, 440 
sections) 
Table F.8.6: Typical Maintenance Rates 
DeKriplion Unil CoSI (R) 
Inspections Visit 160 
Litter & Vegetation Management visit.m2 1.50-2.40 
Erosion m' 35 
Sediment Management m' 71 












F.9 Buffer & fil ter strips 
Buffer & Fi lter strips are effectively vegetated 
grass slopes that are designed to filte r runoff. The 
design can be modified to aid in infiltration (use of 
a benn) or aid biological treatment. 
F.9.1 Capital costs 
The construct ion of Buffer and Filter strips requ ire 
the grading and cu ltivation of open land. 
F.9.2 Inspections 
Buffer & Filter strips should be inspected to 
prevent damage due to erosion and sediment build 
up. Table F.9. 1 d isplays inspection freque ncies for 
buffer and fille r strips. 
Table F.9. 1: Inspeetion freq uencies (mont hs) 
Sourn Low M .... lfigh 
Lampe el oJ UK 24 6 
Lampe el 01 USA 36 6 
F.9.3 Routine maintenance 
Routine maintenance comprises of litter and 
vegetation management. Table F.9.2 displays 
routine maintenance frequencies for buffers and 
filter strips. 
Table F.9.2: Routine maintenance rreq uencies 
(mont hs) 
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main tenance 
F-20 
Corrective maintenance is limited to sediment 
removal (especially when a benn is used) and 
erosion management. It is ideal if the SUD is 
designed with a Oow spreader i.e. Pea slone filler to 
minimise the chances of concentrated Oow. 
Literature suggests a similar maintenance schedule 
as for swales. Table F.9.3 displays irregular 
maintenance frequencies for buffers and filter 
strips. 











M .... lfigh 
78 18 
F.9.S Expected useful life (EUL) 
A Buffer or fi lter strip has the potential to last 
indefinite ly. Literature indicates Buffers & Filter 
str ips may have service lives ranging fi"o m 20·50 
years. Table F.9.4 d isplays the EU L for butTers and 
fi lter strips. 
Ta ble F.9.4: Expected Useful Life 
Design 
Li fe 
Jefferies, C MUSIC 
20·50 years 25·50 years 
F.9.6 Typical unit rates 
20 used in 
WLe 
The construction rates given below based on the 
DoCGTA (2010), MIG Guidelines. However if 
extensive cut and/or fi ll is required these will be 
inappropriate. Table F.9.S displays typical 
construction rates for green roofs. Table F.9.6 













Table F9.S: Typical construction rates 
Description Units R-Ie (R) 
Eanhworks per m2 m' 4.50 
Grassing per m2 m' 20 
Buffer/Filter Strip unit rate 
% 28 
(P&G's - \5%) 
irrigation per m2 m' 20 
Table F9.6: Typical main te nance rates 
Dfl:c:riptioD Unit Cost 
Inspections Visit 180 
Litter & Vegetation Management Ivisit. 1.50-
(monthly) m' 2.40 
Erosion m' " 
Sediment Management m' 71 
1 











F.10 Wetlands & retention ponds 
Wetlands and Retention ponds are controls which 
maintain a pennanen! pool of water. The major 
difference from a design point of view is that a 
retention pond has 25 to 50 per cent of the pond 
surface area covered with vegetation, whereas a 
wetland has 75 to 100 per cent coverage (Jefferies, 
20 10). 
F.JO.I Capital cos ts 
Wetlands and retention ponds require extensive 
landscaping works. Additionally the out leI wou ld 
need to be design to ensure that the system relains 
runoff for the design period. There are also a 
number of variations, such as the submerged gravel 
wetlands which complicate the costing of these 
SUDS. 
F.10.2 Inspections 
Inspect ions are based on those of a wet retention 
pond. Inspections include checking and monitoring 
for mosquitoes (vector control) etc. Table F. IO. I 
displays inspection frequencies for wetlands and 
retention ponds. 
Ta ble F. IO. I : Inspection frequencies (months) 
Sour('~ Low Med. High 
Lampe ef al 
>12 <4 <I UK 
Lampe ef a/ >36 36 12 + Event! 
USA 
F.IO.3 Routine maintenance 
Routine maintenance includes the removal of liller, 
mowing of grass banks and general management of 
vegetation. Routine maintenance should include the 
checking and cleaning of inlets and outlets. Table 
F. IO.2 displays routine maintenance frequencies for 
wetlands and retention systems. 
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Table F. IO.2: Ro utine maintenance frequencies 
( months) 












Irregular maintenance includes tasks such as vector 
contrOl, algae removal and management. These 
tasks are climate and site specific and difficult to 
predict. Sediment removal requirements will be 
dependent on the treatment train design and general 
maintenance of the system. Table F. lO.3 d isplays 
irr~gu lar maintenance freq uencies for wetlands and 
retention systems. 
Table r . IO.3: Irregular maintenance frequencies 
(months) 
T ... Soure~ Low M .... Hlah 
Sediment Lampe 
Removal el al 600 300 120 
UK 
Sediment Lampe 
Removal ef (1/ 48. 360 24. 
Main Pool US 
Sediment Lampe 
Removal Fore ef a/ 24. 60· 120 12· 24 
ooy US 
F.IO.S Expected useful life (EUL) 
The EUL of wetlands and retention ponds will be 
dependent on the system design. Expert opinion 
suggests that they should last for SO years, although 
poor design and maintenance will result in 
premature failure . Table F.IOA displays the EUL 










Tab le FIO.4: Expected useful lire 
USEPA FHWA 
(Jefferlel. MUSIC (JerrerlH. 2(05) 
2 ... ) 
Design 
>2. 30-50 20-50 
Life 
F.IO.6 Typical unit rates 
Currently no estimates ror the construction of 
wetlands are available. Table F. IO.5 displays 
typical maintenance rates for wetlands and 
retention ponds. 
Table F.IO.S: Typica l maintenance ratcs 
OeKriplion Unit Rate (R) 
Inspections Visit 21. 
Vegetation Management 
Ivisit.m1 •. 60 
(large) 









Rcmoval(Submerged Capital Cost 
Gra\'cl) 













F. t t Detention ponds 
Detention ponds I detention basins are ponds 
designed to temporarily detain runoff. They drain 
within a specified period of lime, usually 24-48 
hours. Retenlion ponds are considered along with 
wetlands in this guideline, the difference between 
wet lands and retention ponds is discussed in the 
fol lowing section. 
F.I 1.! Capital costs 
Detention ponds may be constructed using a range 
of lcchniques, from simple excavation, to the use of 
retaining walls etc. Additionally designs may 
include sediment fore bays to reduce sediment 
entering the rest of the detention pond while 
making routine and irregular maintenance a lot 
simpler and cheaper. It is also important that the 
type of outlet is carefully considered. It also 
important to consider how major stonn events will 
be managed, and include the cost of the spillways 
etc. 
F.J 1.2 Inspections 
The inspection should consider the general state of 
the detention pond, includ ing the impact of 
sedimentation, vegetation growth, the state orthe in 
and outlets etc. Table F .11 . I displays inspection 
frequencies for detention ponds. 
Table F.II.! : Inspection frequencies (mo nths) 
Sourt:t Low !\ltd. Hlah 
Lampe el oJ 
>12 
UK 
<4 < I 
Lampe el oJ 
12 + large 
>36 36 storm USA 
events 
F.II .3 Routine ma intenance 
Routine maintenance includes the removal of litter, 
mowing of grass banks and general management of 
vegetation. Additionally routine maintenance 
should ensure the sediment fore baylbasin, in lets 
and outlets are operational. Table F.11.2 displays 
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routine maintenance frequenc ies for detention 
ponds. 
T able F.11.2: Routin e maintenance frequen cies 
(month s) 
. Task Sourct Low Mtd. 
Litter & Lampe 
Vegetation elol 36 6 ·12 
management US 
urn", 
Litter removal et oJ 12 6 
UK 
urn", 




el al 12 12 
in fore bay 
UK 







Irregular maintenance includes tasks such as vector 
control (ensuring the detention pond empties within 
the design period), algae removal (sediment bay) 
and management. These tasks are climate and site 
specific and difficull to predict. Sediment removal 
requirements will be dependent on the treatment 
train design and general maintenance of the system. 
Table F. I I.3 displays irregular maintenance 
frequencies for detention ponds. 
Table F. II .3: Irregu lar maintenance freq uencies 
(month s) 
Task SourC't Low Mod. Hlah 
Sediment urn", 
Removal et oJ 240 96 36 
USA 
Sediment urn", 
removal & et 01 600 300 120 
Dewatering UK 
F.II.S Expected useCulliCe (EUL) 
The EUL of a stonnwater management pond is 
largely dependent on the design of the whole 
system. I f the stonnwater pond is not protected 











inevitably have a much reduced EUL. Table F. I IA 
displays the EU L for detention ponds. 
Table F.11.4: Expected Useru l Lir~ 




50 years 20-50 years 
lif~ on main\. 
F.l1.6 Typical Unit Rates 
Table F.I I. S d isplays typical construction rates for 
green roofs. Table F. 11.6 displays typical 
maintenance rates for detention ponds. 
Table F.II .S: Typical construction rates 
Dncriplion Units lUte (R) 
Earthworks: 
Cut to Fill m' J9 





fo'oundation trench excavation and backfilling: 
Excavate material m' [OJ 
Surface bed preparation for m' 70 
bedding of gab ions 
Gabions (2.0 x 1.0 x 1.0) I)VC 
coated gabion boxes 2,7mmm m' 1250 
diameter galvwlised wire, to 
SANS 1580. including rock infill 
Geo Textile (Filter Fabric - m' 21 
Oidim) 
Reno Mattresses (3.0 x 1.0 x 0.3 m' 1587 
pvC boxes) 
Gabions, Reno Mattress, Stone m' JJJ 
Pi tching 
Inlets : 
Pond lnleVOutlet No 23550 
Attenuation pond outlet (2006 
No 550000 
includes P&G, VAn 
Grassing: 
Grassing per m1 m' 20 
Appendix F: Stonnwater management cost'jng fact sheets 
~---
F-25 
Table F.11.6: Typical maintenance rates 
Description Unit Rate (Rl 
Inspections Visit 180 




Sediment Removal m' 157 
Un
ive
rsi
ty 
of 
Ca
pe
 To
wn
